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[J^AVY Department, 
Waahingtonj February 24, 1880. 

Sir: Eeport to Chief Bureau of Medicine and Surgery im- 
mediately, for duty as president of a board, to make a sanitary 
inspection of the United States steamer Plymouth, at Ports- 
mouth, N. H., and you will proceed to the navy-yard at that 
place, and report, to Commodore Beaumont for the duty as- 
signed. 

Kaval Constructor T. D. Wilson and Surgeon J. H. Kidder 
will be associated with you on this duty. Detailed instruc- 
tions will be furnished you by the Chief of Bureau of Medicine 
and Surgery, to whom you will make your report. 

After completing this service, return to Washington, D. C, 
and resume your present duties. 
Very respectfully, 

E. W. THOMPSO:?^, 
Secretary of the Navy, 
Medical Inspector E. C. Dean, TJ. S. N., 

Washington^ D. 0. 
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Bureau of Medicine and Surgery, 

Navy Department, 
Washington, D. C, February 25, 1880. 

Sir : After reporting to Commodore Beaumont for the duty 
to wliieh you have been assigned, you are instructed to make 
an examination of the Plymouth with the view of determining 
what sanitary measures may be necessary to place her in.a con- 
dition to receive a crew on board with safety, and perform the 
usual service of a cruising ship at sea. 

In conducting this investigation, which is expected to be ex- 
act and complete, you will endeavor to make a personal inspec- 
tion of every part of the ship's interior. If, in the course of the 
examination, it may be necessary to raise any portion of the 
inner planking, or the floor of any magazine or store-room, or 
remove any other obstructions which may conceal accumula- 
tions of impurities or materials affording lodgment for infection^ 
you will apply to the commandant of the navy-yard for such 
facilities as may be needed for the purpose. ' 

You will report at once to this Bureau the sanitary condition 
in which you find the Plymouth, with your recommendation as 
to the best method, under the circumstances, of thoroughly dis- 
infecting and purifying her, so as to remove all danger of future 
sickness from causes now within the ship, if an 3' such exist. 

In connection with this duty the Bureau desires that you will 
extend your investigation so as to collect all the information 
obtainable in regard to the recent occurrence of yellow fever on 
board the Plymouth, and especially to ascertain, as far as prac- 
ticable, whether the second ai)pearance of the disease in March, 
1879, was due to the continued action of the original infection, 
supposed to have been received in November, 1878. 

You will also inquire minutely into all the circumstances at- 
tending the exposure of the ship and her stores, clothing, coal, 
and other contents, to a freezing temperature at the navy-yard, 
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The recurrence of specific yellow fever on the Plymouth while 
at sea, in the month of March in a temperate latitude, the ship 
having just sailed from Boston after exposure to the cold of a 
rigorous northern winter, and not having touched at any other 
port or encountered any new source of infection, presents a sub- 
ject well deserving of particular inquiry. 

At this time when research into the nature of. yellow fever 
has been so greatly stimulated by its recent ravages, it will 
doubtless be of interest to ascertain the reason for this persist- 
ence of the infection and to detect the place of concealment of 
the poison in the ship, as well as to investigate the circum- 
stances which favored its resistance to agents usually relied on 
to destroy it, and its subsequent development into renewed ac- 
tivity. 

But it is also believed that a careful study of the events which 
occurred on the Plymouth may lead to general conclusions of 
the highest value in naval sanitation, and may yield instruction 
as to the means of protecting our ships of war from similar dis- 
aster in the future, which is the true practical purpose of this 
report. 

A review of the character of the previous diseases on the ship 
and of her exposure at various times in infected localities is a 
necessary preliminary to a thorough understanding of the mat- 
ter to be considered, and the first part of our report will be 
devoted to this subject. 

The screw corvette Kenosha, afterwards named the Plymouth 
{second rate, 12 guns, 1,122 tons, 2,400 tons displacement), was 
built at the navy-yard, New York, launched at midsummer, 
1868, and reported as completed in February, 1869. 

Her frames were of live oak and white oak, in the property 
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of 15,079 cubic feet of the former to 18,000 of the latter, and 
in her whole structure 78,028 cubic feet of white oak were 
used. 

She is what is commonly called a single-decked ship, and is 
described as "having always been a comfortable vessel for the 
crew, with more than usual berthing room, and with sweet and 
accessible bilges ; altogether, a particularly clean ship." The 
total air space of her berth-deck is 34,304 cubic feet, and her 
average shiji's company 193 men. Deducting ten cubic feet for 
each man and his hammock, we have an average air space per 
man of 187.3 cubic feet. 

The Plymouth was commissioned on the 20th of January, 
1869, before completion, and on the 25th of February following 
sailed from ^ew York for the European station, bearing the 
pennant of Commodore W. H. Macomb. After a year's absence 
in Europe she returned to the United States, bringing the 
remains of Mr. George Peabody, and arrived at Portland, Me., 
on the 7th of February, 1870. 

On the 12th of July she sailed again from Kew York, 
after undergoing extensive repairs, for Lisbon and the Euro- 
pean station, where she continued cruising for three years. At 
the end of this time she returned once more to the United 
States, touching at the island of Fernando Po, in the Gulf of 
Guinea, in March, 1873 ; at St. Paul de Loando, on the west 
coast of Africa, in April, and at Barbadoes, in the .West Indies. 
She was put out of commission in June, 1873, at Portsmouth, 
N. H. 

During the whole of this long cruise of three years and a 
half there was no epidemic of disease on board the Plymouth. 
Eemittent and intermittent fevers appear in every quarterly 
report of sick, but not in any great proportion. 

While the ship remained at Portsmouth, N. H., she was sur- 
veyed by a board consisting of Commander C. C. Carpenter, 
Naval Constructor T. E. Webb, Carpenter A. O. Goodsoe, and 
Foreman Shipwright Wm. F. Noyes. This board rei)orted, on 
the 14th of July, 1873, that a few of the frame timbers above 
the water-line showed signs of decay, and that decay had also 
appeared on the outside planking above the copper under the 
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fore chains and between the main and mizzen chains. In the 
opinion of the board all the frames were at that time suflQciently 
good to last another cruise. 

In accordance with the recommendations of the board of sur- 
vey the ship was repaired between July, 1873, and October, 
1874, to the extent of $77,928.37. These repairs included the 
replacement of the decayed outer planking, supplying new 
decks in part, and several new hanging knees upon the berth- 
deck, these parts proving to be already extensively decayed. 

On the 12th of October, 1874, the Plymouth was recommis- 
sioned at Norfolk, Ya., under the command of Capt. John H. 
Eussell. Her medical officers were Surgeon Somerset Kobinson 
and Assistant Surgeon D. O. Lewis. During this cruise the 
vessel was stationed almost continuously in the Gulf of Mexica 
and the West Indies. A summary of her changes of station 
and of incidents that appear to throw light on the objects of 
this inquiry, including a note of the cases of malarious diseases 
reported upon the medical returns of the vessel, is here pre- 
sented. 



Month. 



1874. 
October... 
Xovember 
December , 



1875. 
January . 
February 
March . . . 



April 
May . 
June. 



July 

August . . - 
September 

October — 
November . 
December . 



1876. 
January . 
February 
March 



} 



stations and sanitary history. 



12th. commissioned at Norfolk, Va. 

Norfolk iand New York 

do 



21st, Key West. 

do 

do 



Key West and Sand Key 

Key West and West India Islands 
...do 



Kej- West, Gulf of Mexico, and Norfolk 



Norfolk, Va 



Norfolk and Fortress Monroe 

do 

Hayti, 25th 



Cases of malarial diseases. 



\ 



One case continued fever ; 
recovery. 



f Four cases continued 
I fever; recoveries. 

4th, one case entered as 
•'febris flava" appears 
from history to have 
been simple continued 
fever; four cases con- 
tinued fever ; recover- 
ies. 

'Three continued fever; 
three intermittent 
fever: recoveries; one 
remittent transferred. 



! 



Two continued fever; 
three intermittent ; re- 
coveries. 



f One continued fever ; 
i covery. 



No. 
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Month. 



Stations and sanitary history. 



1876. 
April.... 

MAy 

June — 



Cases of malarial diseases. No. 



July 

August 

September. 

October.-,. 
November . 
December . 

1877. 
January . . . 
February . . 
March 



? , Hayti, St. Domingo, Jamaica, and Port 
( i Boyal, S. C. (June 5.) 



\ 



\ 



Port Roy^al and northern ports 



{Two continued fever; 
three intermittent 
fever; recoveries; one 
remittent transferred. 

^ Three continued fever; 
< one intermittent fever ; 
( recoveries. 



Philadelphia, Norfolk, -and Key West 
(December 30.) 



•i 



April 
May. 
June. 



One intermittent fever; 
recovered. 



July 



August . . . . 
September. 



Pensacola, New Orieans, and neighboring 
XK>rts. 

Assistant Surgeon Lewis relieved by As- 
sistant Surgeon W. A. McClurg. 

New Orleans, Mississippi River, and Mex- 
ico. 
Assistant Surgeon A. C. Keffemaik reported 

Port Royal, S. C, Norfolk, Washington, 
July 23. I 

New York • 

Surgeon Robinson relieved by Surgeon E. I 
S. Matthews. Assistant burgeon J. C. ! 
Byrnes reported. 



Two continued fever; re- 
coveries. 



? One remittent fever; re- 
i covery. 



»One intermitteht. 



October. . . 
November 
December 



Norfolk 

... do 

St. Thomas, 4th ; San Juan, 11th ; Puerto 
Plata, 14th; Aspinwall, 20th; Sea, 27th. 



1878. 
January . 



February 
March . . . 



Havana, 9th ; Kev West, 13th; Port Royal, 

20th: Norfolk, ''27th. i *• j *• 

Norfolk f *'•«' • K. one contmued iever; 



'December 14, one case 
fever,nature unknown, 
sent ashore at St. Do- 
mingo: December 24, 
one Chagres fever"; 
December 27. two 
"Chagres fever*' ; De- 
cember 29, two 
"Chagres fever"; in 
all, seven "Chagres 
fever,'' recoveries, 
and two doubtful trans- 
ferred ; (two febris en- 
terica.) 



> « 






\ 



> 9 



Five intermittent fever ; I 



6 



.do. 



recoveries. 



April 
May. 



Jane 



July 

Aninst — 
September. 

October.... 
ibw. 



Three continued fever'; 
two intermittent fever ; 
recoveries. 



Puerto Phita, 20th ^. 

Samana Bay, 1st ; St. Domingo, ^ ; Sea, 

* 4th; Kingston, Jamaica, 8th; Sea, 12th; 
Brazos, Mexico, 24th; Sea, 26th; Pensa- 
coU^ 29th; Sea, 12th; New York, 22d. 

Surgeon Matthews detached 23d and re- 
lieved by Surgeon T. Woolverton, July 2. 

NewYork j^Two continued fever; 

do i > two intermittent fever; 

Sea, 24th; Portland, Me., 29th ' ) recoveries. 

Portland, Portsmouth, Sea, 6th ; Santa ) 
Cms, 20th ; St. Thomas, 22d ; Santa Cruz, Seven yellow fever ; three 



U 



seth. 



continued fever; one 



Santa Cnu to 7th; Norfolk, 19th to 24th ; } intermittent ; three > 4 



Martha's Vineyard, 26th ; ^rovincetown! 

»thto30tb. 

trtmonth, Boston, December 17. 



deaths; eight recover- 
ies. 



YELLOW FEVER ON U. S. STEAMER PLYMOUTH. 11 



Month. 



1879. 
January . 
February 
March . . . 



AprU 
May . 



Stations and sanitary history. , Cases of malarial diseases. Xo. 

I 



Bo«ton ^^^''^^ *°^ ^^'''^^''*^" ^^"'^ Itwo >:ellow fever; one 

Boston to 'iethV'Beri^udV'mh to "isthr \ fX*^"tfent7ew ''"' 
Sea, en route to United States. J i"temiittent lever. 



Sea to Vineyard Sound and Provincetown, 

6th; Portsmouth, 7th. \ 

Put out of commission, 17th i 



"^68 



* Besides nine yellow fever. 

A few cases of malarial disease are reported every quarter, 
whatever the season of the year or climate in which the Plym- 
outh was cruising, from which it is to be inferred that during 
this period the ship presented within herself conditions favor- 
able to the development of affections of this class. 

On the 4th of April, 1875, the ship being then at Key West, 
a case is entered in the medical journal as " Febris flava." The 
man was captain of the fore-hold, and was required to spend 
much of his time below. On the morning of the above date he 
fell on deck and was carried below in a state of insensibility. 
He had cramps in his legs, nausea, and vomiting, with high 
fever. The malady yielded promptly, however, to quinine, the 
unne was at no time albuminous or suppressed, and the patient 
was discharged to duty in eleven days. In the absence of rec- 
ords of i>ulse and temperature, the evidence is insufticient to 
establish the-diagnosis. At that time yellow fever had been de- 
clared epidemic in Key West, as appears by the telegrams and 
official reports of Qapt. J. H. Eussell, her commanding officer, 
presented herewith,* and every sharp and sudden febrile attack 
was justly looked upon with suspicion. Schooner loads of vege- 
tables and fruits were almost daily arriving from Havana, and 
no precautions were being taken by the local authorities to pre- 
vent the constant importation of the infection.! The fleet was, 
however, withdrawn from the anchorage near shore, and all per- 
sons required to be on board by 10 p. m. 

It is scarcely probable that the Plymouth can, at this ti^- - 

* See Appendix A. 
See (Appendix A) Captain Russell's letter, March 23, 1875. 
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have e8cai)ed exposure to the infection of yellow fever; but it 
failed to effect a lodgment within the ship, which remained for 
the most of the summer in the Gulf of Mexico, carrying stores 
to Brownsville, Tex., and taking in coal from the infected port 
of Kev West. 

Having wintered at Norfolk, Va., the Plymouth returned ta 
the West Indies in the following spring, where she continued 
cruising until July, 1870. In January, 1877, she was sent up 
the Mississippi River. In December, 1877, she made another 
visit to the West Indies. By this time she began to show her- 
self to be a decidedly unhealthy ship, with a marked tendency 
to the development of zymotic disease. 

An*i\ing at St. Thomas on the 4th of December, the Plym- 
outh remained until the 11th in that port. On the 9th Jamea 
F. Cleary, quartermaster, was sent on shore to the hospital with 
fever. Assistant Surgeon J. C. Byrnes reports that the symj)- 
toms in the case resembled those of yellow fever, and that the 
man was transferred at once to St. Joseph's Hospital on shore. 
There w ere no notes of pulse or temi)erature, but the records of 
the department show that the man recovered and was discharged 
from the service June 10, 1879. 

On December 14, the ship having just arrived at Puerto 
Plata, St. Domingo, after touching at San Juan on the 11th, 
James Fodley, seaman, was taken suddenly ill and sent ashore 
to the hosx>ital, the diagnosis being "/eftm, nature unknown." 
Assistant Surgeon J. C. Byrnes notes his temperature as 104.2o 
Fah.; pulse, 112; respiration, 30. "A short time before the at- 
tack the patient was in the full performance of his duty.'' * 

On December 24, shortly after the occuiTence of the above 
cases, while the Plymouth was at Aspinwall, there was an out- 
break of Chagres fever on board, and the ship at once went to 
sea. The invasion in all these cases was conspicuously sudden, 
but their clinical history as detailed in the medical journal in- 
dicates that they were not in other respects different from the 
form of fever usually endemic at various places on the Isthmus 
of Panama. All recovered. 

* ThiH patient ultimately recovered and waH discharged from the service at 
New York, February 6, 1«78. 
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By the 1st of* February, 1878, the ship was again north, hav- 
ing touched at Havana, Key West, and Port Eoyal. Ko further 
cases of fever occurred. Between April and June, 1878, she 
made another cruise to the West Indies, not touching at St. 
Thomas. During this period no cases of even suspected yellow 
fever appeared. 

On the 6th of October, 1878, she again proceeded to her station 
in the West Indies, sailing from Portsmouth, N. H., for Santa 
Cruz and St. Thomas, where she arrived on the 19th of the 
same month. 

As it is at this time that events occurred which are most im- 
portant to be considered, the following careful statement of Sur- 
geon T. Woolverton, the medical officer of the Plymouth, is 
given in his own exact language : * 

" The Plymouth anchored off Christiaustadt on the 19th of 
October, and on the 21st proceeded to St. Thomas, some forty 
miles distant, to fill up with coal ; 192 tons of good anthracite 
coal were put on board there by the natives. There had been 
at St. Thomas during the season some nine or ten deaths from 
yellow fever of uuacclimated soldiers recently arrived from Den- 
mark — sporadic cases — and all but one occurred in the garrison. 
The port was considered to be healthy, and was not quarantined 
against anywhere. During our stay at St. Thomas none of the 
men were allowed to land ; ofl&cers were permitted to go ashore 
between 10 o'clock a. m. and 5 o'clock p. m. ; the stewards did 
their inarketing in the middle of the day, and but few stores of 
any kind were taken on board. On the 25th of October the ship 
left St. Thomas for Frederickstadt, Santa Cruz, where she re- 
mained at anchor in an open roadstead half a mile from shore 
until the 7th of November. The island had been free from dis- 
ease during the summer ; there had been but one case of yellow 
fever, that of a soldier from St. Thomas who had taken the dis- 
ease there, and who died some three weeks before our arrival. 
The same precautions were taken at Santa Cruz as at St. 
Thomas j no liberty to the crew ; no one on shore after sun- 
down, and the men carefully sheltered from the frequent show- 

* Hygienic <fe Medical Reports, Navy Department, Washington, IH79, p. 
659, et seq. 



U TELLOW FETEE OS U. S. STEAMER PLTMOrTB. 

en of rain. Tlie weather was hot ami faiimid ; tlie meiin of the 
Doon and miitRi'^bt temperatare from October 7 to November T 
was 83.?^ Fall. ; tlie maximnm 87^Fab.: the mininram 79^ Fah. 

"From the time of leaving Portsmontb there had been bnt 
two or Ihrae names on the sick list, and there had been no ease 
of fever of any kind. 

•' On the evening of the ■ith of Sovemher Charles Biaiicbi, 
marine, berth-deck cook, reported that he had a chill and w^ 
feeling liadly; on the otli the^ ^ras decided fever with head- 
ache and restlessness, fever continued high, and on the 10th the 
temperature rose to 105.6; pnlsc 95; stomach became irritable, 
and in the evening he had ' white vomit,' The ea.se was reported 
to the commanding officer as one of yellow fever. 

"On the evening of the 5th. it being pleasant, most of the 
ship's company were sent on shore for battalion drill. Two of 
the midshipmen, Mr. BolUns and Mr. Mallory, who had per- 
spired freely dnring the exereise, after coming from shore 
stood watch ; Mr. K. from six t« eight o'clock, Mr. JI. from eight 
to midnight, withoot having changed theif clothing. They 
both had a rigor dnring the niglit, and in the morning were sick 
with fever and headache, Mr, Rollins's fever was higher and 
his stomach symptoms more distressing than Mr. Mallory's. On 
the evening of the Cth, Moore, marine, had a chill followed by 
fever and headache. The use of the civil hospital atFrederiek- 
stadt was kindly placed at onr disposal, and Eianchi was trans- . 
ferred thither at 10 o'clock a. m., where black vomit set in in 
the afternoon. The midshipmen aud Moore were transferred at 
1.30 p. m. on the 7tb, when the ship got under way for IJorfolk. 

"On the same evening Mr. HoS'man, assistant engineer; 
^Tiite, marine ; and Winkler, mai iiie, were sick with fever ; their 
disease ran a mild coarse, and tliey were all convalescent within 
a week. The two marines were sent to duty November 22, well. 
Mr, Hoffman had an irregular pulse and violent palpitaitions 
during convalescence, and did not rapidly regain his strength ; 
be returned to duty November 30. The clothing of these patients 
wa,s disinfected, aud their blaukets thrown overboard. 

"After our arrival at Norfolk we learned that Mr. Bollins had 
died on the 10th, Bianchi on the 11th, and Mr. Mallory on the 
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14th of November, at Santa Cruz. All the clothing and effects 
of these officers had gone ashore with thetn ; the bedding of the 
four patients was sent with them to the hospital ; the clothes 
of the nurses were thrown overboard. 

" On the 8th of November the berth-deck, sick-bay, steerage, 
and wardroom were fumigated with sulphur, and a mixture of 
the sulphate of iron and chloride of lime was poured into the 
bilges ; all bags and hammocks were aired aloft. On the 10th 
the fumigation was repeated. 

" The ship arrived in Norfolk November 18th and was allowed 
pratique. 

" November 23 left Hampton Eoads for Portsmouth, N. H., 
and anchored off Quarantine Island November 30. December 
1, at the request of the health officer, the berth-deck was again 
fumigated. 

" The Plymouth remained at Portsmouth until December 16^ 
when she proceeded to Boston for some necessary repairs, and 
to be broken and frozen out. 

"In a report made at Hampton Eoads November 17, 1878^ 
the following opinion was expressed : ^ Considering the strict 
sanitary rules enforced during our stay in the tropics, and the 
slight probability that we could have carried infection from St. 
Thomas, from which port we had been absent ten days before 
the first complaint of sickness, it is my opinion that the fever 
had a purely local origin inherent in the ship, and I have no 
doubt but that our prompt departure from Santa Cruz averted 
an epidemic on board. I consider that it would be unsafe to 
send this ship again to warm latitudes before she has been en- 
tirely broken out and thoroughly frozen out.' 

"Arrived at Boston December 17 ; the ship was broken out 
at the navy-yard ; nothing movable left in her in the way of 
stores, provisions, and clothing. 

" January 8, 1879, the crew was transferred to the receiving- 
ship Wabash, and the vessel fully exposed to cold. Buckets 
of water were placed in the various store-rooms below to indi- 
cate freezing. 

"January 22 the ship was hauled into dry-dock and remained 
there until February 4 5 the average temperature on deck dur- 
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ing this time was 28^^ Fah., but it was colder by 10^ at the bot- 
tom of the dock, which was piled up with ice. * 

"January 26, fumigated by means of fifty pounds of sulphur 
burned below decks in eight charcoal drying stoves placed in 
various parts of the ship; temperature zero; water frozen in 
every part of the ship. 

"February 2, fumigated as before; fifty pounds of sulphur; 
temperature 11° Fah. The fumigation extended over two days, 
with the ship closed; the berth-deck and sick-bay had been 
scraped before the process. 

"The ship came out of dry-dock February 4; she was white- 
washed with a mixture of lime and chloride of lime, and was 
believed to be thoroughly frozen out and purified. She had 
been overrun with ants and cockroaches; not one has been seen 
since the winter." 

At this time rei^airs, to a limited extent only, were made to 
the Plymouth. 

" The woodwork in the cabin, under the poop deck, from the 
top of the beams of the main deck to the under side of the poop 
deck beams, and two short strakes on the outside, abreast 
the main channel, were renewed. The gun-deck clamps abreast 
the foremast and about six hanging knees on each side were 
taken down. The wales and topsides were calked from the 
w^ater-line up. Slight repairs were made to the clamps in one 
or two places. One place was repaired under the forecastle 
deck. The ship was repainted." t 

After the completion of the above repairs it was reported to 

*The foUowing is an extract from the record of temperature (Fah.) en- 
tered in the log of the navy-yard, Boston, during this period: 
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t Memorandum of repairs furnished by the naval constructor of Boston 
navy-yard, March 11, 1880. 
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the department that the ship was ^*iiow in good order in all 
departments, including engines and boilers, and we have no 
hesitation in saying that, w ith the usual conditions of cruising 
at sea, she may be expected to remain in a seaworthy condi- 
tion for eighteen months." * 

During an inquiry made subsequently at the Boston naA^r- 
yard it was ascertained that the Plymouth was known at this 
time to be very extensively decayed, but that, as her command- 
ing officer was anxious to get away, and but a short cruise was 
intended, as little of the decayed wood as possible was dis- 
turbed. 

"On March 15 the Plymouth sailed for a cruise to the Wind- 
ward Islands. On the night of the 19th, during a violent gale 
of wind, the hatches had to be battened down, and the damp 
berth-deck became very warm ; a troi)ical condition i)revailed. 

"On the afternoon of the 21st, Eichard Saunders, machinist, 
reported himself sick ; his face was very red and his eyes swollen 
and suffused ; he complained of violent headache, and had con- 
siderable fever ; pulse 98"^, temperature 1040 ; fever continued 
high during the night ; in the early morning the temperature 
fell to 102.50, and it was hoped the fever would prove to be 
remittent ; a large dose of quinine was given. The temperature 
soon rose again, however, to 104^; pulse 83 to 93; tongue 
slightly coated, broad with red edges, and showing impressions 
of the teeth. The fever continued until the 25th, when there 
was a remission, with profuse sweating 5 pulse 80, soft ; tem- 
perature 1020 throughout the day; during the night complained 
of nausea, and on the 26th the pulse rose to 88 ; temperature 
1046^, with return of headache. These symptoms subsided, 
and from the 27th he imx^roved slowly but steadily. The char- 
acteristics of Saunders's fever were the sudden and violent 
invasion, the intense headache, with peculiar aspect of face and 
eyes, continued fever, remission, w ith sweating, urine scanty 
and giving a precipitate of albumen, the pulse slow relatively 
to the heat of the body ; during convalescence skin and con- 

* Report of board ordered to report ''what rei^airs Lave been ma 
the Plymouth, her present coudition for sea-service, and the length o 
she wUl probably remain in condition for sea-service," dated Boston, 
13, 1879. 
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junctivK became yellow and coiitiimed so for a, week, and tLere 
was an irregular jmlse. This man joined tlie Plymouth, iu Bos- 
ton, December 24, 1878. 

"On the night of the 22d Teter Eagan. boatswain's mate, 
aged about 56 years, tnrued iu feeling quite well. During the 
night he was taken very sick, and by the moruiug of the 23d 
he could not get alx)ut without assistance. He presented the 
same appearance and eymptoma as Sauudera, with great irrita- 
bility of stomach ; his case resembled remarkably one of irritant 
poisoning ; pulse 95 ; temperature 103.5^ ; skin hot and dry. 

"A diagnosis of yellow fever was made in these two cases 
and reported to Captain Harmony, with a recommendatiou not 
tw continue the cruise; also that hot coffee should be served to 
the relief wateh at midnight ; that the men be allowed to sleep 
on deck under cover until we could reach cooler weather. The 
maximum temperature on deck ha<l been 77° Fah.- 

"The ship put into Bermuda for coal, and on the night of the 
25th the temperature had fallen to G&° Fah. The sick men 
passed through their disease pretty favorably. Saunders wascou- 
valescent about the seventh day, but Eagau, an old man, after 
a light remissiou on the fourth day, fell into a typhoid condition 
and died from exhaustion during a violent storm March 31 ; the 
weather had been bad and uufavorable to his recovery."* 

There were no new cases of yellow fever on board after 
Eagan was attacked on the 22th of March. The ship was placed 
in quaraatine at Portsmouth, S. H,, on the 6th of April. 

On the 9th of April a sanitary examination of the Plymouth 
was ordei-ed to bo made by a board of medical officers of the 
Savy, who reported that the infection which ha<l caused the 
second outbreak of yellow fever ou the Plymouth seemed to 
have been retained in the decayed wood of the berth-deck {an 
opinion likewise expressefl by Surgeon Woolvcrton) or in the 
bedding or clothing of the men, and recouimeuded that she 
should be disinfected by the iiyeotiou of steam and by sulphur-. 
ous acid gas. t 



YELLOW FEVER ON U. S. STEADIER PLYMOUTH. 19 

Owing to the fact that her crew and all her stores were on 
board at this time, it was not considered practicable to make a 
thorough examination of all parts of the ship. As it appeared 
unadvisable to transfer her stores before the return of colder 
weather, further investigation was deferred until the vessel 
could be completely emptied of all her contents. 

In the month of February, 1880, after exposure to a freezing 
temperature, all the stores were discharged, and a second sanitary 
survey ordered by the department. The present board, to which 
this dutv was intrusted, was referred for detailed instructions to 
the Surgeon-General of the Xavy, and was authorized to raise 
any portion of the inner planking or the floors of any of the 
magazines or store-rooms, and to remove any obstructions which 
might conceal imi)urities or materials affording lodgment for 
infection.* 

In order to expose all parts of the ship to view, as well as to 
give free admission to the disinfecting agents expected to be 
used, the following preliminary work was performed by a gang 
of shipwrights, the ship still lying at anchor at the quarantine 
grounds in the outer harbor of Portsmouth, K. H. 

Openings were made in the ceiling and knees of the state- 
rooms in the starboard steerage. A locker on the port side of 
the berth-deck, over the coal-bunker, was taken down, and open- 
ings were made in the ceiling and knees just forward of this 
point, portions of the planking being removed. Similar open- 
ings were made opposite the galley, on the port side (giving 
exit to a very offensive odor). Portions of the ceiling on the 
starboard side of the sick-bay were removed, and the ceiling 
and knees cut into and examined all along the starboard side 
of the berth-deck. 

In that portion of the fore-hold allotted to general stores, and, 
abaft that, to x)aymaster'a stores, the flooring and limber boards 
were entirely removed, and on the port side one of the bilge- 
strakes was raised. In the fore-hold i^roper the flooring was re- 
moved to a sulficient extent to permit examination of the bilges 
and the spaces beneath the w^ater-tanks, and on the starboard 
side a part of the bilge-strake was cut out. Scuttles were cut in 

* See Appendix C. 
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tlio floors of the forward shell-rooms on both sides of the keel- 
son. In the coal-bunkers the flooring was cut through in two 
places. In the after-hold the flooring and a portion of the 
lower strake of the thick strakes were removed on both sides 
of the ship. Scuttles were cut to allow access beneath the 
floors of both magazines, and a portion of the thick strake and 
of the lead lining covering the ceiling was removed. Scuttles 
were also cut in the floors of both bread-rooms abaft the maga- 
zines, and the sheathing partly removed. The shaft-alley was 
examined and its after part found to be filled in solid, while in 
its remaining portion the bilge was accessible without the ne- 
cessity for cutting. 

By means of these openings we were enabled to see that the 
ceiling and hanging-knees, clamps, etc., were extensively de- 
cayed all along the berth-deck. This was particularly the case 
in the starboard steerage, opposite the galley on the port 
side, and in the sick-bay. The decayed wood was filled with 
the mycelium of fungous growths, which appeared also on the 
inner side of the outer planking. Behind the locker on the 
port side, wiien it was removed, was found a large quantity 
of partially decomposed refuse. A sink for emptying slops 
opened outboard from this locality and was surrounded by de- 
cayed wood. A hose-reel also hung near by. Each opening 
gave exit to foul air of offensive odor. This region is immedi- 
ately above the port coal-bunker, and here four cases of yellow 
fever, all occurring during the first outbreak, were billeted. 
One case, occurring during the second outbreak, was billete<l 
on the starboard side, exactly opposite, and one near the gal- 
ley, localities w^here decayed wood was found to be particu- 
larly abundant. 

In that portion of the fore hold allotted to general stores and 
paymaster's stores the flooring, capping to the main keelson, 
and the keelson itself, the frames, filling timbers, and water- 
tight bulkhead were extensively decayed. The spaces between 
the frames in this locality were comparatively free from accumu- 
lations. A careful examination of all parts of the fore hold 
proper, of the spaces between the frames, and beneath the 
water-tanks disclosed nothing worthy of note. On cutting 
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through the floors of the shell-rooms a quantity of oifensive air 
escaped. A considerable deposit of filth was here found in 
the bilge, next to the main keelson. On the port side a mass 
of nearly solid matter, consisting largely of bacteria, adhered to 
the inner side of the sister keelson and the angle between it 
and the bilge. Under the coal-bunkers nothing noteworthy be- 
sides a quantity of coal-dust which had sifted through the floor, 
and which appeared to have been there for a long time, was 
observed. 

Below the plates of the fire-room there were about three 
inches of solid ice, and ice was standing upon the plates them- 
selves. It was not possible to examine the parts under the 
boilers and engine-room. The shaft-alley and bilge in this part 
of the ship were free from considerable accumulations, and in 
good order. In the after coal-bunker on the port side a quantity 
of fire- wood, said to have been taken on board in the United 
States, was stowed ; otherwise the bunkers were empty. In the 
after hold, on both sides, two of the filling timbers were found 
to have been cut off square with the molding edge (see cross- 
section in last figure of the accompanying plan), thus leaving a 
sort of dam for the retention of whatever matter might get into 
the spaces between the frames. On the starboard side one of 
these spaces was found to be completely filled with a soft mass, 
of intolerably offensive odor, which seemed to consist chiefly of 
beans in aU stages of decay ; the other space was equally full 
of sponge, clothing, chips, and other refuse, more or less decom- 
posed. The stench from these deposits was such as to drive 
the workmen on deck. 

Between other frames on both sides were masses of bacterial 
growth similar to that found in the forward shell-room ; and on 
the port side, in the culs de sac corresponding to those contain- 
ing the beans and refuse on the starboard side, was found a 
quantity of unrecognizable decomposing organic matter. It was 
directly above this hold that three cases of yellow fever occurred 
during the first outbreak. Two were midshipmen, swinging one 
on each side of the hatch ; the other an assistant engineer, occu- 
pying the adjoining stateroom on the starboard side. Two of 
the three cases were fatal. 

Under the flooring of the magazines was a great accumulation 
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of decomposing cliips and auger-dust, omittiny a foul odor, and 
evidently left there when tlie ship waa built. The spaces be- 
tween the frame-s were free from noteworthy deposit. Under 
the lead liuingthe sheathing was entirely rottcu, and blackened 
as if the wood had been charred, and in this rotten wood dead 
rats and their nesta were found. The thick strakcs and ceiling 
were badly decayed. On cutting throogh the bread-room floors, 
confined air of oflfeasive odor escaped. A second Hoor had here 
been laid above the original floor, and between the two was a 
confined apace about three inches deep, from whicli living and 
active flies crawled out. It is plain that, although ice had long 
been standing in the fire-room, this space had not been suffi- 
ciently chilled to kill the flies. The tin lining to these bread- 
rooms had not been carried entirely into the angle between the 
deck above and the ceiling, but formed with these a triangular 
space, within which fungous growths were found. 

Owing to the fact that the lower outlets of the spaces be- 
tween the frames, which were intended to open into the bilge, 
were in the Plymouth closed by covering boards, these spaces 
throughout the shij) were converted into reservoirs for confined 
air. Other confined-air spaces existed under tlie limber-boards 
in the fore hold, under the floors of the coal-bunkers and of 
the forward shell-rooms, below the after magazines and bread- 
rooms, and behind the tin sheathing at the outer angles of the 
latter. 

These spaces, as is shown by the pi'csence of the living flies, 
are so protected from external atmospheric changes aa to be 
practically unaffected by either heat or cold, and have probably 
not been rea<:hed by any of the disinfecting agents heretofore 
employed. Tlie sauie observation applies also to the interior 
paits of the timbers, which are nevertheless found to be far gone 
in decomposition, 

"We ai-e of the opiuion that the various deposits of decompos- 
ing organic matter and the quantity of decayed wood above 
described ai-e closely connected with the development of yellow 
fever on board of the Plymoutli. 

Vumerous siieciuieus aud a plan of the ship are forwarded 
itli by way of illustration. The siiocimens include por- 
if rotten wood, showing the fungus of dry-rot in myceliam 
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firom Tarious parts of the ship, and tho iliftVitMU tlt^posita above 
referred to. The significance of these jji^nvths conslata in the 
evidence which they aflfonl that the condition of tlie ship waa 
favorable to the development of low foijms of tu'jyanio lifo, wliit^h 
have not been destroyed by the disinfecting agents hitherto em- 
ployed. 

After completing the examination into the condition of the ship 
herself at Portsmouth, the board continued the inveHtlgatlou 
at Boston so as to determine with certainty wliether all of the 
clothing and stores, which were susjiected to have been among 
the fomites of the infection, had also been exposed to a freezing 
temperature. A careful inquiry in regard to this point showed 
that all the provisions, clothing, and stores had been taken out 
of the ship and plsu^l in an oinni shed situatiMl in an exposed 
part of the Bojrton navy-yarrl and had remained there for about 
onemonth^ from Januarj H to February 12, 1879. As sliown by 
the record <rf ^^imptmAnrf'. Alrt^mly qtufteil^ taken from the log- 
book of tbft itJiVY^j^':jir*L tltf: menrtiry during this jHtriod wan 
finequeautir below ^^^^ F*i^^ tl^^, av#rrage t^miMfrature having hteu 
t^ FalL on tU*: <U>»iik vf ^b^ llyrnz/rUh. haiile^l up in the ilry- 
dock. 

Httbwjyueutly tii^-^ilo^ilviVar-p^^^^t^J ^ft ^r^^^Ji ^'/tver^l with water- 
proof ♦;tiv^lMjj*A. ti*^ V*i# 4f<u1 f^/fif j/j }nineh. t\iH W/ts aad 
«iboe« hi VoTJ^,. »u<J r^^ *r)Mtti »V/?**, yir^f^. aj^aiu returuM <m 
'UiujiL Tte <jiotiUiiijf :x '^I'Aat ^*^. by t^i^ *:rHw 'duA the blankf^ 
aaid luistU^eiM^ wUi'Jt JuiwO *>i*^j •j^'.vi whb th^r ui^^jj <^ lx»ajil tljbe 

Klyjuoutii ou ti**: J:^*;i. of J'»v^nutrv. j* i^ jivt r^y^id^ that th**^ 
iirtitile(» w^^r^ <-/.)ajm;(' vv *:ji<: ^uiu* <;«]?. j m- <>f «y^id a*^ Dh*^ i «:*1 o^* 
1ih<r ^dothiui;. tm* >>uf^<^i N> lAi- ^-n^^tj hUxXA'^. tliat ''•i:L*r UA*5ii'tt 
bedding V'iu^ li«^jii«5ntj; iiuMi iUuiiii? i:ti«: xy'mu^i . and oii<>- at 
hfiMt th<r la<J. ii- iittU;<' ii tu* riiii))V iv).' ^'iCIj ii V»5mj/4-j atUM mJ 
i^" >ali.. Jlaii/ o^ tix< ij*iti a^iiiii;<; tiA*-iii/>*iiv «J^ i»t tii*- </j^j/Of 

atteJ" tii' l^;uUiiU<;i </* ii:w:/ </i. i/ifiui'. aii<: v*<ur ij</i i4'.jjiOV<rlJ 
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N. H., for the purpose of being again exposed to the actioii of 
cold. The navigation and engineer's stores were exposed to a 
dry heat of 2fl(P FaL. in ;m oven conatriieted for baking "cores." 
A sickening odor is said to have been exhaled from the flags and 
signals when heated. 

It is a circamstauce worthy of being particularly noted that 
many of these stores bore the mark " Rio Jaueiro," and had 
been returned from the naval store-honae at that place. Some 
among them, such as the glass jars containing pickles, etc., 
were packed in straw and contained in loosely covered boxes, 
receptacles well adapted to retaining infection. 

The island of Enchados, on which the naval store-house at 
Kio Janeiro is situated, has long been regarded as b thoroughly 
infected place and has been so reported by medical officers of 
the Navy." 

It thus appears that all-ordinaiy and such unusual precau- 
tions as suggested themselves were taken to prevent a recur- 
rence of the disease ; the canse of which, nevertheless, remained 
on board, having successfully resisted both sulphurous acid 
and a degree of cold below the freezing point. "Wliether the 
sulphurous acid vapor penetrated to every recess of the ship is 
doubtful, there being no evidence attainable bearing upon this 
point. The examination of the ship already described opened 
up many parts which must have been effectually pititected 
against the freezing temperature recorded. So that, if it be 
granted that the yellow-fever poison was actually imported into 
the I'ljnuouth, and that it (the poison) is endowed with tlie 
power of lying dormant under conditions unfavorable to its 
development without losing its potential vitality, we ai'e of the 
opinion that the precautionary measures adojited in the riy- 
inouth, energetic and well-intentioned as they were, were not 
sufficient to insui'e the destruction of the cause of the disease. 
Further investigation and experiments, which will be detailed 
in a subsequent part of this report, upon tlie application of dis- 
ctiiig ageuts, have, moreover, confirmed and strengthened 

aoTt of Dr. Gn'on, U. S, X., on tlie iiicilioiil toi>i)griii)liy of Eio lie 
», Ssnitar;- Hud Meaital Reports, ie;3-7-l, Bnroaii nf MtdicLiie, Navy 
nrat, p. 753. 
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the opinion expressed in our i)reliminary report to the Surgeon- 
General, that extensive decay in the wood work of a ship in- 
creases vastly both her susceptibility to infection and the dif- 
ficulty of removing disease by disinfection. In the Plymouth 
decay began early and progressed rapidly, as has been already 
shown, partly because of the quantity of white oak used in her 
construction, and jjartly because of the sealing up of her frame 
spaces, and the numerous dark and confined boxes into which 
the system of flooring and bulkheading followed divided her 
interior, as will appear more clearly when the subject of the 
prevention of yellow fever comes to be considered. 

The localities from which it is most probable that the disease 
was imported are St. Thomas and the island of Enchados. Coal 
was taken on board at the former i)lace, from an open shed, 
and yellow fever has been so often traced to St. Thomas as a 
starting point, that it must always lie under particular sus- 
picion. The island of Enchados was doubtless infected at the 
time that the stores above referred to were taken thence, but 
the time which had elapsed since their reception into the Ply- 
mouth, and before the outbreak of this disease, renders it a less 
probable source of infection than St. Thomas. We have found 
no direct evidence bearing upon this point. 

The Plymouth is by no means the first ship of which it is re- 
corded that yellow fever became epidemic on board after it had 
been supposed that thorough disinfection had been practiced, 
and before she had touched at any port within the yellow-fever 
zone.* Her experience occurred, however, at a time when the 
attention of the medical profession and of the public was directed 
particularly toward the natural history of yellow fever, and 
has furnished the^text for arguments upon many of the ques- 
tions which are still subjects of controversy among those espe- 
cially interested in the disease. 

These questions are so numerous and the shades of opinion 
regarding them are so various that we have found it desirable, 
before offering our suggestions with regard to measures of pre- 
vention and disinfection, as required by your order, to give a 

*See, for example, the histories of the United Stares ships General Greene 
(1800), Enterprise (1825), and the British ship L'ficlair (1845), reported hy 
La Roohe, vol. ii, p. 425 et seq. 
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sliort account of tlio disease itself as niulerstood by us, and of 
tlio coDclusious upon which our recommendations are based. 
In so doing we shall refer particularly to those aspects of yellow 
fever which affect the uaval seriice afloat, and rely as much as 
possible upon the testimony of naval surgeons, as published iu 
the reports of our own and foreign services, to support such 
opinions as we advance. 

Yellow fever is an acute, specific, infectious disease, charac- 
terized by headache, nau.sea, suffusion of the eyes aud cuta- 
neous surface,* high temperature with a compai'atively slow 
pulse, abnormal fluidity of the blond, lieniorrhages from the 
gums, uose, and gastro-intestinal mucous membrane (black 
vomit), albuminous urine deficient iu chlorides,! the secretion 
being often suppressed, and yellowness of the stln and conjunc- 
tivie. Rachialgia, delirium, petechiic, and sudamina are fre- 
quent but not characteristic accorapauimeuta. The period of 
incubation rarely exceeds five days ; the ouset is sudden, the 
patient being at once prostrated, aud the most importaut lesion 
is of the blood, which becomcf abnormally fluid and so altered in 
its comjiositiou as to be, in fatal cases, incapable of maintaiuing 
the natritiou of the body. There is probably a fatty degenera- 
tion of the white corpuscles-J: The liver is found post Jtwrtem 
to be fawn-yellow or "nutmeggy"^ in color and to havennder- 

"Dr. 8. M. Bemiss, of New Orleana, ia of tlie oiiinion that one of the oirly 
lesionaiga paralysia of the raao-motor nerves, prodncing blood stasis, trliicli 
IB directly couuected with the yellowneaB of the akin and the nppcnruDoe of 
alliuiuea in tlie nrine. Am. Jour. Med. Sc, April, 1880. p. 450. 

t"The remark of Hello r (Br. Sc For. Medico-Chlrurgical Boviow, July, 
1653) that he had found the albumen in the Jirine in Bomething of an in- 
verse ratio to the ohlorides, baa heen verified in the examination of the 
urine of these patients ) for when albumen ivas found t« he abundant then 
the chlorides were absent, and with the disappearance of albumen chlorides 
again made their appearance." Depaty Inspector-General Donnct's report 
npon the yellow fever epidemio of 1866 at Pori^ Royal, Jamaica. — Stat. Hep. 
on the Health of the (British) Navy, 1887, p. 109. 

t See Surgeon G. M. Sternberg, U. S, A., iu Preliminary Eeport of the 
Havana Vellow Fever Commission, Washington, November 18, 187!t, p. 16 ; 
abo Joseph Jones, Yellow Fever Epidemio of 1B78, New Ocleana Med. & 
Siirg. Journal, vol. vi, p. 599. 

* Donnet, op. eil., p. 112. Pmrei'diiigs S, Y, Path. Sui;,, Mud. Et-cord, Sep- 
ti-iiiliiT 24 Bud October 23, 1879. 
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gone moi'C or less fatty dr^rencration. This lesion, which was 
noticed by Louis in 182S, appears to 1k» always present and is 
one of the distinct ivi* marks of the disease. The bladder is 
often contracted upon itself, its walls thickened, and its mucous 
lining confjested ; the kidneys and si)leen are also often con- 
gested and contain extravasations of Mood; but besides the 
changes in the blood and liver above noted there are no ana- 
tomical characteristics which are known to be constant.* 

The clinical history is short in fatal cases, which often termi- 
nate upon the fourth day. The period of accession usually 
embraces from twentv-four to fortv-eii»ht hours, and mav be 
considered to represent the actual duration of the disease. 
This stage is followed by a so-called "sta^e of calm/' marked 
by a more or less decided remission of all symptoms, during 
which the tendency is toward recovery if the disorganization of 
the blood be not too great to permit of the continuance of its 
functions. It is during this stage that the damage done during 
the paroxysm shows itself, and death occurs either at once, from 
total destruction of the blood as a nutritive fluid, or later, from 
intercurrent lesions consecpient upon its impairment. Conva- 
lescence is slow, and likely to be interrupted by exi)osure to 
Budden changes in the weather. ^^The danger line of body 
temperature descends i)rogressively from the onset.'- 1 Yellow 
fever is, therefore, a fever of a single paroxysm. 

It is limited in origin locally by the parallel of 48^ north lati- 
tude, and a corresponding but undetermined i)arallel of south 
latitude. It has occurred at so high an elevation as 4,000 feet 
above the sea level (Newcastle in »Iamaica). 35 ut, as a rule, it 
is epidemic in low districts on the sea-coast, and rarely occurs 



*Fora careful review of the histolo^cical characters of yollow fever so far 
asithey have boeii studied, with a recent l>il>lio«jjrai>liy oftliii subject, see Patho- 
logical Histology of Vi'lh>w Kev("r, by J. .J. Woodward, surgeon, I'. S. 
Anuy, Snpi)loiaent No. 4. National lioard of llealtli JUiUetin, April (I, IHi^O. 
Dr. Woodward does not lind that the changes in the blood, exclusive of the 
appearance of fat granules in the white corjjuscles above referred to, are of 
sacha character as to bt.' apparent on niicrosco])ic examination. Set- also Dr. 
Still6'8 lecture on yellow fever, Med. liecord, March, 1^71), ])p. 193-217. 

tDr. S. M. Bemiss, he. cit. 
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beyond an elevation gf 2,riOO feet above tlie level of tlie sea.* 
The specific poison is not active at a tenii)erature below 72° 
Fall. Yellow fever is also limited locally, as to its origin, to the 
western beintspliere, arising in the great Atlantic iiiterconti- 
uontal gulf, as does cholera in the similar Indo-Cldneae gulf of the 
eastern hemisphere, t Although the disease has fretjiiently be- 
come epidemic in Europe and has been reported from so far 
east as Cairo, it has never retained its foothold in the eastern 
heraiaphere longer than a single season. 

Second attacks are scarcely more common in yellow fever 
than in smallpox or measles.^ Persons bom or long resident 
in districts anbject to the disease, who are then said to be "ac- 
climated," are also protected to a less extent, but the inimnuity 
thus acquired may bo lost by long residence in regions beyond 
the "yellow-fever Z0De."§ lu what way such an immunity can 
originate it is difBcult to imagine. The fact appears to be well- 
established, however, and suggests an analogy with the so- 
called Colles' law in hereditary syphilis, whereby the mother of 

"Aitkeii, Practice of Meaicine, ii, p. 4ei. 

"The faota of 1869 slutw that tiiis imiimuitf is but relative, and Ibat, 
wlieu uiiaccliuiBted. EuropentiH are crowded together on bigh levels, tlie 
disease mny rage lis it doee ou the sliore," ha Eii'^vre Janne i la Mnrtiuiqne, 
Jiar L. B. Berenger-F^rand, Paris, 1878, p. 64. 

fit is along tbe coast of South America, in the Culfa of Darieo, of Hon- 
duras, of Meixicn, and along the sliares of the island of Cuha that the gen- 
erative atmospheric condition (la digpaiiiioH almotplieriijiie gihiA'atricc), the 
'medical conatitntiou,' of yellow fuver shows itself first, aud it ia for this rea- 
son tbae yellow-fever eiiidemios have alwaya started ftom these localitieH." 
Flitand, op. HI., p. 100. See also Lectnre on Yellow Fever, liy Dr. Alfred 
Still4, reported in Medical Record, March, 1879, pp. 193 and 2tT. 

t " We hare never attended the siune person in two attacka of the disease, 
and know of but one altugetbor relialito observer wlio Itas treated this same 
individual throngli two attacks." Bemias, loc. dt., p. 462. 

i See Surgeon J. B. Trj-on'a report upon the epidemic of 1374 at Peosacola, 
8ftnUary and Medical Keports, United States Navy, Washington, 1875, pp. 
459-462. (The nnproteofcd, exposed, and not attacked were only 3.a9 per 
cent, of all etuK*). Med. In»p, John Y. Taylor on the epidemic of 1878 At the 
New York Navy Yard, Hygienic ami Mertieal Reports, ISiO, p. 478. PreUui- 
iu&ry RvpDrt Havana CommiiHi'iii, lifTd, p. 5. Dr. Donnot, op. til., p. 120. 
Report of Sanitary Commission of Now Orleans upon Epidemic of liJ5:i, Now 
Ork'uns, 1854, pp. 4, 9, 362 it piu»im. (The number of deaths in tliis epidemic 
w»(t 8,101, or 13.4D per cent, of the anHccIiraatod population.) 
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an infected child, altliougii i^resenting no evidence of having 
contracted the disease herself during the i^eriod of pregnancy, 
is found to be i)rotected against infection from the child after 
its birth.* The fact that a single attack protects its subject 
from infection thereafter, considered in connection with the de- 
cided specificity of the disease, aftbrds some hope that if the ma- 
ieries morbi should ever be discovered, the terrors of yellow fever 
may be abated by the x>ractice of inoculation, under circum- 
stances favorable to a harmless result. 

AVhether a i)artial immunity is enjoyed by the dark-skinned 
races or not is still an open question. During the epidemics of 
1878 and 1870 in the Southern United States the mortality 
among the negroes was very, severe, although less in i)roportion 
than among the whites. Fdraud asserts positively t that in 
Martinique neither negroes nor Chinamen were any better off 
than other races, and it should be remembered, in discussing 
the supposed less liability of negroes to yellow fever in the 
Southern States, that they enjoy, almost without exception, 
whatever degree of protection is afforded by acclimation. In 
mild epidemics it is to be exi)ected that acclimated persons will 
suffer less than strangers. | 

The disease is doubtless infectious^ but the evidence in favor 
of contagion is not conclusive. Many instances are recorded of 
the occurrence of yellow fever on shipboard wherein those per- 
sons most exi^osed by i^ersonal service upon the sick escaped. § 

*For cases to show that yellow fover is not coinuiiiui cable to the fcutus 
in uterOj see Med. Rec. N. Y., Nov. 29, 1879 ; Rep. of Obstet. Sect. N. Y. Acad. 
Med. 

tO/>. cit., p. Gr>. 

i See also Stilld, Lecture on Yellow Fever, loc. cit. 

$ Thus, Passed Assistant Surgeon Lewis S. Pilcher (Naval Medical Essays, 
Washington, 1873, pp. 216,217), reporthig upon the epidemic in the Sara- 
toga in 1869, observes : *^ In the circumstances attending the cases of yellow 
fever on this vessel, there were none which indicated that the disease was 
in any way propagated by contact with the sick or by exi)08ure to the emana- 
tions or secretions from their bodies. On the contrary, those who were most 
about the })ersoiis of the sick escaped entirely. The apothecary and four 
nurses, all unaccliuiated and unprotected by a previous attack of the dis- 
ease, who were with the sick continually, night and day, and, in some cases, 
unavoidably received ui)on their persons matters vomited by the dying, were 
none of them attacked. Commander Whiting, who constantly visited the 
sick, was one of the only two commissioned officers who escaped. * * *^ 
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Wlien tlie crew of an infected sliip has been transferred to a 
hospital ou sliore, or to another sliip, witLout clotliing or eft'ects, 
the development of new cases lias often ceased, to begin again 
npon the retnrn of the men to their own vessel,* A hospital on 
shore may receive cases of yellow fever for months, dnring which 
the attendants and other patients are exposed t« contagion, 
without the occurrence of any case in the hospital. When ouce 
the hospital has become infected, however, as shown by the oc- 
currence of yellow fever among its pemonnel, the disease s))rcads 
nith a rapidity which is in marked contrast with this previous 
immunity. A striking example ia furnished by Dr. Donnet, t 
reporting ui>on the epidemic at Port lioyal, Jamaica, in 1866-'67, 
of this feature in the natural history of yellow fever. Port Royal 
is on the end of a narrow saudsplt, across the bay from Kingston, 
an<l southwest of that town. The settlement at Port Royal had 
been absolutely free from yellow fever for four years previous 
to November 27, ISCG. The town of Kingston had enjoyed a 
similar immunity until October 14, lSfi6, when the first case 
occurred in the person of a seaman landed from the ship Jamaica, 
lately aiTived from St. Thomas, where yellow fever was preva- 
lent. The first case a<lmitted to the hospital was the command- 
ing officer of the gunboat Nettle, on the 27th November. Cases 
followed from the Cadmus, Steady, Doris, Constance, Jason, 

Furt.licr, not aae of the '[iiarnatliie ofllciala or attenJaDts wns attacked by 
the disease. In tlie trauafer of the aicfa (at New York m hot weather), ea- 
peciol care was taken to prevent aa much as possible aay articles from aui:oiu- 
panying them which might act aa foinitea," See alito Kep. N. 0. Sao. Coiu. 
" Hirth, moro than half a century ago, introduced the excrements and blood 
of the sick iuto his systum in every poasible way without resulta." p. 97. 

* "The large number of casea occurring on that day (of transfer of crew 
to hoapital ship at New York quarantine Htation), and their almiiat complete 
cessation &om that time, ia somewhat remarkable, and aeems U) indicate 
the utility of the meaaurea for disinfection which were adopted, and espe- 
ciftUy to be due to the speedy removal of the men from the infected sliip to 
one free from such taint." Dr. Filoher, foo. dC, p. 216. See alao the rouonl 
of the epidemics ou the U. S. S. Enterpriae, La Jiooke ti, p. iSi, and the 
British ships, Hlhbcrt p. 433, and L'£c1air, p. 443 ; io all of which the dis- 
ease broke nut again with increased violence after the return of the men 
to their ships. 

(Statistical report of the lu-alth of the (Brilish] u.ivy 19t;7, p. llf^. See 
also Br. Stilld, lie. nil. 
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Aboukir, and others. Until February 16, 1«SG7, the disease was 
confined to the infected persons sent from the ships, many of 
whom died. At this date the assistant surgeon fell ill and died, 
" and in May, from the circumstance of the hospital having had 
yellow fever cases constantly under treatment, it would seem 
to have acquired the conditions necessary for the spread of the 
contagion ; for at this time the deputy inspector-general (Dr. 
Donnet himself), an officer, and several men under treatment 
for other complaints were seized with fever.'' It was remarked 
also, in the past history of the same hospital, that in several 
previous outbreaks the disease had been limited to the crews 
of the ships infected, and " that no person belonging to the hos- 
pital in attendance upon the infected cases contracted the dis- 
ease ; on the contrary. Dr. Blair, in his history of the epidemic 
of yellow fever in 1837-1840, mentions the circumstance *that 
almost every case admitted into the military hospital at George- 
town (Demerara) during the epidemic, became yellow fever, no 
matter what the ailment on admission.'"* F^raud states that 
during the period from 1858 to 18G9, when no yellow fever ex- 
isted at Martinique, the disease was four times introduced into 
the military hospital, no epidemic or contagion following.! 

In the case of H.M. S. Bristol, | at Sierra Leone, in 1865, many 
cases of yellow fever occurred on board of that ship among the 
persons who had visited the infected ship Isis as a working 
party to change her anchorage. No person who had not visited 
the Isis was attacked, although the ship's company of the Bris- 
tol was necessarily exposed to whatever contagious influence 
there was. 

These facts suggest the conclusion that yellow fever is due to 
a poison which is not developed by the processes of the disease 
within the human body, but reaches its period of activity out- 
side of the body. As was epigrammatically said by Admiral 
Dubourdieu, " C^est le navire qui est maladeJ^^ 

It is quite generally held by naval surgeons who have observed 

"" Loc. cU,j p. 125. 
tOp. cii.f pp. 41, 42. 

t Quoted fiom a letter by Dr. George M. Steitibiirg to the Medical Record, 
January 11, 1879, p. 46. 

^N John Gamgee, Yellow Fever a Nautical Disease, N. Y., 1879, p. 130. 
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yellow fever that the materies morU resides in the ship, and is 
not dependent for the continuance of its activity upon propa- 
gation from indi\idual to individual. Thus Surgeon (now Med- 
ical Inspector) Delavan Bloodgood whites of the epidemic in 
the Jamestown, at Panama, in 1866,* that, having at length 
sailed northward, on the 2d day of April, the ship's company 
had flattered themselves that the disease would cease, " incon- 
siderate of the * ferment' with which we were freighted." And 
again,t " the belief is well grounded that yellow fever never leaves 
certain localities which it has once invaded, and where the con- 
ditions for its existence are constantlv maintained. It mav 
seem dormant for a time, or only sporadically evincing its vital- 
ity before it arouses itself and appears epidemically." Surgeon 
J. E. Tryon speaks of "infected hospital buildings" and "in- 
fected marine barracks, where the disease existed to an alarm- 
ing extent" during the epidemics of 1863 and 1867.$ Acting 
Passed Assistant Surgeon F. Y. Greene says : " Of the fact 
that the germs retain their vitality for long periods of time in 
this section (Brazil) there can be very little doubt, as it is only 
on this hypothesis that the yearly outbreaks of disease can be 
explained." § Surgeon Thomas K. Penrose states of the epidemic 
on the Ticonderoga (1874), "That the germs of the disease 
reside within the ship I have no doubt." || Surgeon I^. L. Bates, 
on the Brooklyn, in 1875, found that " nearly all the condi- 
tions required to develop yellow fever are constant at Eio de 
Janeiro."^ Medical Inspector Jno. Y. Taylor, writing of the 
Vermont at "New York, in 1878, observes, " It has long been 
known that the so-called germs of yellow fever, while they are 
destroyed or rendered inert by a very high or very low temper- 
ature, under certain conditions, may remain quiescent for an 

* Medical Essays, Bureau of Medicine and Surgery, Navj' Deptoment, 
Washiugton, 1873, p. 18(;. 

Wp. cit, p. 200. 

t Yello\v fever at Pensacula iu 1874. Sanitary and Med. Reps. U. S. Navy, 
Washington, 1875, \). 452. 

S^ Sanitary and Med. Keps., 1875, j). 765. 
II Sanitary and Mod. Keps., 1875, p. 477. 

• Hy.i:ienit' and Med. Keps., Is79, p. 26. 
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indefiuite time and afterwards resume their activity and powers 
of multiplication."* Surgeon T. N. Woolverton, ou the Plym- 
outh, during the same epidemic which led to this investigation, 
states his conviction '^ that the yellow-fever infection is con- 
fined to the hull of the ship, and especially to the rotten wood 
about the berth-deck." t 

The medical board ordered to investigate the epidemic at 
Pensacola, in 1874, reported their opinion that " the germs of the 
disease certainly exist, dormant for the winter, to revive next 
summer." t Many of the phenomena *'can at present only l>e 
explained on the assumption that this cause (of yellow fever) is 
either itself capable of growth and reproduction outside the 
bodies of the sick, or that it is the product of something which 
has these qualities," § as an alcohol, for example, is the product of 
the growth of a saecharomycetes. Dr. Alfred Stills, in a reitent 
lecture delivered at Philadelphia," J quotes the late Dr. Nott, 
of Mobile, as having said: "Yellow fever is not generated in 
the human system, nor transmitted from one person to another 
in any way; its poison or germ is generated outside of the 
human system, and is taken into the system after the manner 
of the marsh malaria. But, unlike the latter, its germ is p^nir 
aVjle. and may be carried from one point to another and thus 
propagated." Dr. Warren Stone, of New Orleans, is also quoted 
by Dr. Stille to much the same effect. 

This verj' general l>elief that the essential jKiison of yellow 
fever is not a product of disease in the human subject, like the 
X>oison of small-pox, for example, but is produce^l and develo£>ed 
outside of the body, is quite independent of any x>artlcular 
theory as to the nature of the \po'mm. or its proiier place in 
classification. It appears to l>e Ijased upon observation of the 
£act< alreadv adverted to in the natural historv of the disease. 
and to have grown up indejiendently in the mijid^ of s<:'^ ei*al 



*" Hyirieuic and Mei Rei»^-- 1?T9- y. i7'J. 

*HTgieLiic and Mrvi. Efjis., 1*79. j». *yjl. 

: Hyjn^-ni'- and M<^ E<:'i»s., IrTi*. ]». TCC. 

V International Kevjf w. Jttnuari-. Irr^J. j». '.i<K 

I Med. Kec-onL N^w York. Marcii. Ir7y. ].]■. iy:'-2n 

:'j PL 
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different obser^cre as a logical explanatiou of tlie plienoiueaa.* 
Such being tbe history of this oi>iiiion, it becomes the basis for 
practical doductions of gi-eat importance, turning the atten- 
tion of those whose duty it is to guard against the loss of life 
on shipboard by this disease to tlie external and physical con- 
ditions which present tlieinselves rather than to its clinical 
history. 

The ithcuumena whii'h chai'acterize the inception and progress 
of an epidemic of ycUuvi' fever ai-e as well established as those 
which mark any ]n-oce«s in natui'e. If its cause has not yet 
been absolutely and risnally demonstrated, the eti'ects which 
it produces, and the laws under which it operates, have been 
detennined by observations as often repeated, by methods as 
rigidly scientilic, and by observers as truthful and nuprejudiced 
OS those that have established the theory of the con'elation of 
forces or of dieinical quantivaleuce, reasoning from jihenomena 
tho ctiuses of which arc even more hopelessly unrecognizable 
by the senses. It is uot surtirising that, notwithstaadiog the 
mass of facts which have been collected, there should not be 
I>erfect unauiniitj' in the supi>ort of a theory that shall account 
for all of them, since the complexity of the problem is euor- 
moasJy increased by Ihc preseoee of that unknown factor which 
lUstiirbs all inferences flrawn from the proci-sses of disease, the 
force which contixils life ; and since the disease itself is the only 
Hhsulatv test as yet diseovered for the presence of its cause. 

^Ve do not consider that it would fall within the limits t^ 
onr instructions to discuss the vai-ious theories which have 
Iweu a«l\'auced. and supjKtrted with greater or less ingenuitj- 
in explanation of the pheuumenti of yellow fever, ^^'hethe^ 
tho i>oisoii is, accurtling to the "germ theory," a cryptoga- 
luoiis plant of extreme minuteness, or a iwrticle of diseased 
bioplasm endowed with a primitive amceboid power of mottou 
ami multiplii-aliou.f or a ''something in the air," a gaseous 

*Dr. ttruiUa is uuu vt ttm few vtwtMVpra of givac rx|W(iiHii'« And higb 
autburity who huld a <.-untrHry viuniuu. -U [tb« puieaa] U retovdacvil 
•hi«lly. if out wbullf. witliiu ■liv)MHl,v.liut.''asliF){u«iiMtt>H,v. "iuiilerKVf:> 
Mua ehttiigii- ntlvr ita v«cit)H^ fruu tlio lwd.v, wliivti iimiMwft tla tMue | 
i|iulilU«.'' ( liK. rlt., p. 45'. ) 

< Diaeaee Ciirnu* : thvii teal nainrr. Uunol S. Bralv. M. D.. Philaiti-likti 
LlMlaay A BJskUtoii, 1 jTt>, |i|i. It. 16. r( poMim. 
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emanation, an immaterial influence similar to heat and elec- 
tricity, or a wingless insect which crawls along surfaces, or 
whether, in fine, the disease is nothing but a malignant form of 
malarial fever, * are opinions which it would be unprofitable to 
discuss in this place, since there is not, as yet, a particle of di- 
rect evidence bearing upon the physical characteristics of the 
poison of yellow fever, t Nothing has been found in the bodies 
of those affected, in the air of the localities wherein the disease 
prevailed, or in the solid materials by which they were sur- 
rounded which has yet been proved to be peculiar to the dis- 
ease, although the highest microscopic amplifications in skilled 
hands have been again and again used in their examination. J 

Whatever may prove to be the real nature of the unknown 
cause of yellow fever, there are certain peculiarities in its be- 
havior which appear to define the limits within which it is 
to be sought. In the first place, it is portable ; it clings to solid 
surfaces, and especially to such as, by their looseness of text- 
ure, favor the retention of minute material particles. Such ar- 
ticles as clothing, rags, skins, feathers, linen, and silk, are classed 
as most dangerous by quarantine regulations — empirical rules 
based upon experience only. The poison is therefore probably 
a solid body, and there is good reason to hope that it will event- 
ually be demonstrated by the microscope. § 

Secondly, it is specific ; that is, it reproduces yellow fever, 
and no other disease. Yellow fever is as sharply defined as to 
its characteristics as small-pox, or typhoid fever, or cholera. 
The necessary inference from this fact is that the cause is al- 
ways the same, and that it reproduces its like when propa- 
gated — a peculiarity of living organisms. 

Thirdly. Although the poison manifests itself under certain 
conditions, such as are favorable to the growth of organic life, 
namely, a temperature above 72° Fah., moisture, || and the pres- 

* The " Bancroft" doctrine. See Watson's Practice, art. Yellow Fever. 

t See Preliminary Report of Havana Commission, p. 6. 

t Certain unfinished researches upon bodies of suspicious appearance ob- 
served by the Havana Commission will be considered later. 

$ Dr. Sternberg, in Rep. of Havana Commission, p. 17 ; Rep. Yellow Fever 
Commission to Public Health Association, 1878; Med. Record, November 30, 
1878. 

II Dr. E. H. Barton (report Sanitary Commission on yellow fever at New 
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euce of decomposing nrganic matter, tbese conditions alone are 
not siUScieut I'or tlie pixxlaetion of the disease. A fiitliy ship, 
in the hot and moist climate of the AYoosung Hirer, for example, 
although certain to be an nuhealthy ship, will never develop 
yellow fever ou board. The disease originates only within cer- 
tain geographical limits, and even when e!cporte<l thence in a 
state of activity it rans its conrse only for a single season. Al- 
though capable of becoming exotically epidemic it has never 
yet become endemic outside of its geographic^ habitat It is 
clear that there is a something necessary to the productlou of 
yellow fever which plays the part of a scfd, besides the condi- 
tions favorable to the apijearance of zymotic diseases in general. 
Bat, and in this regard it presents a marked iieculiarity, it is not 
always active even wittiin its own geographical limits and under 
the favoring circumstances of heat, moisture, and a nidus fonnd 
to be suitable in epidemic seasons. There have been long pe- 
riods of intermissions alternating with epidemics even in those 
localities most subject to the disease. The following table, from 
F^rand, who has examined the evidence relating to each epi- 
demic occurring at ^lartinique since 180^, ailurds a stiikiug 
example of this fact :• 

le02to laoS Epidemic. 

leOS to iei6 IntermigaioQ. 

! ISieto 1823 Epidemic. 

Orleans iu 1^5^!, p. 'J95), afler a leu^h;; discusaioD of tlie importance of hu; 
midit; ae a factor in prmtitcing disease, asserts that " we hare never bad aa 
epiimnie of ptUoiB freer in thia eoualri/ mlhout thi$ cembinalion" of a "nearly 
(and indeed often) aatniuted atinosplicre with Ugh temperature." (The 
italics are Dr. Barton's.} In n table to Iid fomid at page xiii of the iutrotluo- 
tioti to the dauie report the nieteurulogieal averiigeB of fifteen epidemics are 
given, tut follows: The average duration of tlie epidemics wns 58.33 days; 
the average mortality per 1,000 waa 18.3. 

Areragu (Braperatiire lii abaile at beginning of epWemlo - M.14 

Avenge Unnpcrature In sbiuleat loBiininni ufH|il{ltmlc L TS.M 

Avenge temperstnn In ahmla Ht iledinntion of cpldeuli! KkTS 

Avenge hnmiility allwginnlng otepWemlc...... 88S 

Arenge hiiniiiUty at maiinium ofrpiaemJc BOS 

AwragebomiditjBtileoliiifttlonofopWenili: 7S5 

Saturation being 1,000. 

fSer oUn F^raud, p. 79. Report of weather at St. Thomas anil Santa Ctn/, 
antF, p. U. The average humidity on tlie berth-deuk of the Plymouth in 
month of November, l^TS, during lirat outbreak, was 700. (See diagram, 

«.) 

' Op. cit., p. 57. 
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1823 to 1825 .' Intermission. 

1825 to 1828 Epidemic. 

1828 to 1838 * Intermission. 

1838 to 1844 Epidemic. 

1844 to 1850 Intermission. 

1850 to 1858 Epidemic. 

1858 to 1869 Intermission. 

The mean period of intermission was found to be 9 years and 
1 month ; of epidemic continuance 13 years and 5 months ; and 
of 198 years concerning which there were records at Martinique, 
there were 107 of epidemic and 91 of immunity. * 

Some curious facts have been recorded by this excellent ob- 
server as to several of the epidemic periods at Martinique. 
"AU things being otherwise equal, yellow fever has not the 
same epidemic intensity at all times — and it is thus, for exam- 
ple, that it continues without interruption from September, 1802, 
to April, 1804, twice passing over the cool season without relax- 
ing its violence ; then from 1804 to 1805 it rages during the 
heat and sleeps during the relatively cool season. In 1806 its 
benignity is much greater than in previous years ; in 1807 and 
and 1808 it seems to have no longer the power to reach any but 
new arrivals, sparing at this epoch those who already passed 
some time in the colony. ''t During the period of intermission 
from 1858 to 1869, on the other hand, vellow fever was four 
times imported into the military hospital without producing any 
epidemic or infecting any other person. And this notwith- 
standing the frequent presence of unacclimated French troops, 
on their way to and from Mexico, in the ports of Martinique. { 
At one time the activity of the poison is so great that it passes 
over the cool and dry seasons with undiminished intensity, con- 
tinuing with progressively diminishing activity, until, just before 
its final disappearance, only the most susceptible subjects are 
attacked. At another time even the repeated importation of the 
disease and the abundant presence of unprotected individuals 
are insufficient to excite the activity of the poison. 

La Eoche§ has collected a mass of evidence which tends to 
show that neither excessive humidity nor excessively high tem- 
perature are sufficient to determine the "epidemic constitution,'' 
nor have the vague descriptions of "yellow-fever weather/' nor 

* P. 70. tP. 12. t P. 41-42. $ Vol. II, p. 90 et scy. 
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tlie fyiiially va(;tie r«i)ort» of bljghu, mohU, early patrefaction. 
and i>[ri(l«irjii» aoiong tbe luver aoiinaU }>eeu foand to be snf- 
It'ripntly pn«li«(> to bear scientific examinatioD. Yet there is 
little timhu 1i>t AtmhX that a fifth conditioo, in addltioa to high 
tfcin|>«rratiHT, hninidily, a aaitable nidaa, and the presence of 
tlie |MiitH>n itMcir, in iieceMiarj' to tbe preralence of an epidemic 
of jellfiw fever. Tbone antboritics u|k>u whose troatworthiness 
•Kf. yiXoKn inoHt relinuce are of tlie opiuion that this flftb condi- 
tion IH Rifitforo logical, and, indeed, it ih difficult to suggest any 
other iilaiiKlble exjilaiiation of the apparently capriciouu beha- 
vior of the disciUH!. F^raud, after a full discussion of the eri- 
deuci!,coiicludefitliiil"*aometiuie8 importation, sometimes spon- 
tJtui'ouH oiiifiii, have been the cause of an epidemic of yellow 
i'ever at Mnrtlni'iuc ; but this importation and tliis spontaneous 
Bvnemtion have not been fecund excepting under tlie couditiou 
that they occuixed iit a propitious moment, not only of the sea- 
Mil, but iiloreo\ftr of a period of sevejal years.* • • ■ f The 
best couobiMoii is to admit that, Ist^ there must be a special 
at iiiCHpheric condition ; 2d, under this condition importation has 
Honii'tinicH ))eeu the cauhc of an epidemic, and it is possible that 
HpontnneoUH gt'neration has also produced it." 

In another place FiJraud compares the progress of tbe dts- 
(injtc from inland to island Ui a "slow hurricaue," increasing or 
dluiiulshing in its lu'ea according to circumstances, and requir- 
ing six, twoh'C, or even fifteen years to bring about the neeea- 
sury atniosphuric comlittons-^ 

The sanitarj' conunission at Neiv Orleans refers to the "very 
jietudiar nu-twirological (londitions" attending the epidemic in 
that city in 1S.W,^ and Dr. Barlow, a member of the conimis- 
8ion,1ays iwiH><-hil stress ui>on the solar radiation observed dur- 
ing "yellow tVver weather," whereby an extreme difterence of 
it'miM'niture is observed Iwtween the sunshine and the shade. || 

Tlif first sacoeesl^d utlenipt to accurately define any of the 

Ht*Hii\)logicftl conditions present during yellow fever (other 

those iiertHining t<i heat and moisture) known to us is ex- 

to A very Intonvstlng letter fVom l>r. Charles Finlay to 



t V. iw. t P. HI). 

<fcaBiMAiK-« hiM, how^vw. beeu tir<\at 
jwlliiiv finrr, BUrh an ttiiisc of Syria a 



^ Report, p. 503, 
ntly iHiticei) in cUmatm m 
iJ tbe East tmlks. 



YELLOW FEVER ON U. S. STEA:MER PLY3I0UTH. 39 

the Havana commission of tLe National Board of Health. Dr. 
Finlay finds that — 

1st. The Havana atmosphere is constantly and strongly al- 
kaline. 

2d. Its alkalinity increases from May to August, decreases 
from September to December, and remains low from January 
to April or March. 

3d. In all parts of the island where the alkalinity of the air 
has been tested it has been found to exist, but to a less degree 
than in the city of Havana. 

4th. The volatile alkali of the Havana atmosphere shows a 
tendency to form acid salts whenever the acidulated litmus 
contains an excess of sulphuric acid, thereby indicating a weaker 
base than ammonia and suggesting some volatile alkali of the 
'^compound ammonia^ (amide?) type.* 

The considerations thus far presented tend, in our apprehen- 
sion, to the conclusion that the poison of yellow fever is not 
only a material substance, but a definite organism, capable of 
reproduction and self-multiplication under the circumstances 
favorable to the growth of other organisms, whenever to these 
circumstances is added an undetermined factor, presumed to be 
meteorological. Even should the disease prove to be due, as 
suggested indirectly by Dr. Finlay, to an unorganized product 
of the growth of such an organism, the necessity for the assump- 
tion of an organism as the elaborator of such a product remains 
as urgent as if the prime cause be supposed to produce disease 
by its multiplication within the body. Further considerations 
which tend to the same conclusion are — 

First. The fact that a period longer than the actual incuba- 
tion of the disease is found to elapse between exposure to the 
original infection and the occurrence of the first case. In the 
Port Royal Hospital, as recorded by Inspector Donnet (see p. 

30), this period of germ incubation, so to speak, is to be found 

-■ ■ ■ ■ 

* Preliminary Report, pp. 18, 19. Dr. Finlay also calls attention to the 
fact that some of the remarkable phenomena of yellow fever — e. </., hemor- 
rhagic tendency, softened and spon^^y gnns, albuminous nrine, and gastric 
irritability — ^resemble the effects of intoxication by a volatile alkali such 
as ammonia. 
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within the limits of the eighty-one daya which elapsed betweeu 
No\'ember 29 and February 30 ; or, since it was not until llay 
that the hospital was reported as fully infected, one hundred 
and fifty days. The Plymouth hadlxseu absent from an infect- 
ed port (St. Thomas) t«n days when the first «aae appeared," 
a circumstance which led Dr. ^N'oolverton to infer that the dis- 
ease resided within the ship. The Saratoga had been in the 
harbor of Havana twenty-eight days when the first ease ap- 
peared.! " The first case of yellow fever occurred in the city 
of Pensacola in the beginning of Augnst, 1874, and about 
thirty days after the arrival of the infected vessels in quaran- 
tine." t At the navy-yard, Pensacola, in the same epidemic, 
the disease spread rapidly aft«r sixteen days, two light cases, 
not at once diagnosed as yellow fever, having occurred at the 
intervals of seven and nine days respectively. These two men 
had been in attendance on the first case, which was fatal, 

The Brooklyn arrived at Rio de Janeiro on the 19th of March, 
1875, and took in coal and stores. No feveroccurred until April 
3, when the ship was at Cabo Frio, which is considered a healthy 
port,§ " Yessels which become infected are usually here (at 
Pemambuco) from five to ten days before the disease appears on 
board."|| The Jamestown lay at Panama from the middle of 
IS^ovember until the 30th December before the appearance of 
yellow fever.H 

It would be easy to multiply recorded iustaJices which tend 
to show that a couaideratile time elapses between exposure in 
an infect«<l port and the appearance of an epidemic on board of a 
ship, although it is impossible to define the exact time of the 
importation of the poison on board. 

Furthermore, in most of the instances above noted, after the 
departure of the ships from infected ports, cases continued to 
occur with increasetl frequency at sea, so that, as has been 
already stated (p. 32}, the medical officers l>ecame convinced 
that the disease resided in the ship, and was not propagated by 
contagion wholly, if at all. 

■ Dr. Woolvertim, Hyg. and Med. Keports, 1879, p. Uyi. 

>. Plkhpr'a BepoM, /im'. cil. t Dr. Trj-ou, loc. cii. 

Jr. Biilfs, flic cil. II Dr. HoehUug, Joe. cil. TDr. Blooilgood, loc.dt. 
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Second. Minute algoid growths, popularly classed as "bac- 
terial,'' • have been observed in the blood of persons and animals 
suttering from several different diseases, and have been found 
capable of exciting similar diseases when injected into the blood 
of healthy subjects, even after having been dried and kept for 
a long period.t 

So widely is the connection between these microscopic organ- 
isms and various diseases accepted, that the prevailing specific 
nomenclature of the order is based upon it-t In the current 
number of the London Lancet (May, 1880) there are no less than 
three different articles, setting forth the close connection and 
specific relation between these organisms and various diseases. 
Besides the lecture of Dr. Greenfield already cited,§ it is re- 
corded that at the meeting of the Eoyal Medical and Chirurgi- 
cal Society on February 24, Dr. H. Vandyke Carter presented 
a paper detailing the results of forty-four inoculations of the 
blood of the "famine fever" of Bengal upon monkeys. Dr. 
Carter showed the identity of this disease with the '^relapsing 
fever" of Europe some two years ago, as well as that spirillum 
is present in the blood during the febrile paroxysms. Of 31 
inoculations with spirillar blood 22 were successful, and 9 failed. 
Kine inoculations with non-spirillar blood, and 7 with desiccated 
blood, gave negative results. || M. Pasteur announces to the 
Aead. des Sciences the discover}^ that the \ery fatal disease called 
" chicken cholera" is due to the presence of a microbion, which is 
capable of producing the disease by inoculation. (P. 459). 

Now, while none of these facts afford any evidence that the 
poison of yellow fever is a micrococcus or a bacillus, and there is 
even the strong negative evidence afforded by the microscopic 

* Micrococcus, BacteriuMy Vibrio, Bacillus, and «SpiriHwm, constituting Cohn's 
natural order Schizomycetes, and muitiplyiug by transverse fission. See Dr. 
Ant. Magnin^ Les Bactdries, Paris, 1878, pp. 50-51, and W. S. Greenfield in 
Lancet for May, 1880, p. 397. 

t Koch's experiments on charbon ; Rev. Seientifique, Fevrier, 1877, p. 794. 

tThus we have Bacillus anthracis Colin (Davaiue), Micrococcus vaccinice 
Cohn, M, diphtheriticm Cohn (Hallier), M. SepHcus Colin, M. de la variole 
deaanimaux Hallier,* ilf. de l<i scarlatine Hallier, M, de la syphilis Hallier, etc. 

J On the Pathology of Infectious and Contagious Diseases. Lancet, May, 
1880. 

II Pp. 437, 438. 
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EXPLANATION OF PLATES. 

Fig. 1. — Copy of photomicrograph taken by Havana Commission, 1879, at 
military hospital, Havana, showing rod-like forms deposited 
from the air, X 400. 

Fig. 2. — Copy of photomicrograph taken by Havana Commission, 1879, at 
Morgan City, La., showing radiating acicular forms deposited 
from the air, X 200. 

Fig. 3. — Rods and radiating acicular crystals formed upon glass slip ex- 
posed to the air of microscope-room, Washington, D. C., June 
19, 1H80, X 240. 

Fig. 4. — Radiating acicular crystal formefl upon watch-glass exposed to 
the air of a bedroom, Washington D. C, July 29, 1880, X 312. 

Fig. 5. — Crystals of potiissiuui sulphate, artificially formed from a very 
dilute solution, X 312. 

Fig. 6. — Crystals of sodium butyrate, artificially formed from a very dilute 
solution, X 240. 

Fig. 7. — Acicular crystals artificially formed from a solution of sodium car- 
bonate, X 240. 

Fig. 8. — Crystals formed from a very dilute solution of sodium carbonate, 
X240. 
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characterized by the presence of the germ itself in the bloody 
are, firom that very fact, strictly contagious as well as in/ectioHSj 
80 would a disease resulting from a secondary toxic agent be 
necessarily not contagious, as not reproducing the primary 
exciting cause by the processes of its own clinical history. 

Third. A conspicuous characteristic of low vegetable organ- 
isms is a certain protective i>olymori)hism, whereby they produce, 
besides their proper siK)res, one or more sporelike forms {con- 
idiaj sclerotiaj microzymes), which remain passive so long as the 
surrounding conditions are unfavorable to their further devel- 
opment, and are endowed with a remarkable i)ower for resist- 
ing extremes of heat and cold. The sclerotia of many hj-pho- 
mycetous fungi are inclosed in a hard coriaceous integument, 
which effectuaUy protects them against the winter's cold, and 
within which they retain their xK)tential vitality until the warmth 
and moisture of the ensuing spring awaken it. Then, after 
a period of growth, variable according to the species, during 

of expermients undertaken for the purpose of discovering the nature of 
these appearances, it was found that some forms are closely simulated by 
the slow crystallization of dilute solutions of sodium carbonate and sodium 
Imtyrate upon glass slides. The needles radiate from an opaque central 
spot of irregular outline, which appears to he sometimes an unrecognizable 
particle of dust, sometimes a portion of the salt in a state of partial 
deliquescence. When the relative humidity of the air rises above the pro- 
portion of 75 parts in 100 the crystals are apt to disappear, through deli- 
quescence, leaving minute globules of liquid so disposed as to faintly indi- 
cate their outline. Other •photo-micrographs taken by the Havana Com- 
mission represent microscopic crj'stals in the form of rods, which are closely • 
simulated by potassium sulphate and ammonium sulphate when crystallized 
from dilute solutions upon glass slips. Photo-micrographs of these crys- 
tals, of both spontaneous and artificial production, are presented herewith. 
The moisture condensed from the air upon clean glass vessels containing 
ice, at various times, has been found to contain ammoniay chlorine^ sulphuric 
acidf carbon dioxide^ caJcium, pofanmnn, and sodium, together with epithelial 
scales and various solid bodies. The evaporated and incinerated residue 
effervesces faintly upon the addition of a strong acid, from which we were 
led to suspect the presence of an organic acid. The condensed moisture 
was in all cases neutral to test paper. Fox (Water, Air, and Food, Philada., 
Lindsay & Blakiston, 1878) figures crystals bearing some resemblance to 
those in question, as deposited from the air, which he conjectures to be 
ammonium chloride (acicular crystals), and sodium sulphate (rods). We have 
not succeeded, however, in producing the forms figured by him from tluse 
salts. 
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wliicli myceliiiDi only is proLluced, true spores are developed, 
and the plant may be said to have reached maturity again and to 
be capable of giving rise to new iudividuals.* Asexual spores 
(conidia) are found in some members of most families of fungi, 
and the bacterial forms {Schisotaycetes) after multiplying by 
tiasion uutil the supply of appropriate pabulum in the liquid 
they inhabit has been exhausted, pass into what has been called 
the "granular 8tage,"f the mtcrasj/mcs of Bfiehamp.J Whether 
these are the true spores of bacteria or not roust be considered 
aa etill uncertain, since Dr. Burden-Sanderson § found that the 
adult form could be produced by germs so minute as " not to 
be distinguishable under the highest powers of the microscope," 
while their actual presence was proved by the fact that the 
liquid containing them lost its fertility after being boiled. 

Fourth, The bodies of those who have died of yellow fever 
are decomposed with unusual rapidity, as thougli the processes 
of putrefaction were already somewhat advanced before death 
had actually occmTCd. The fluidity of the blood, frequent 
absence of rigor mortis, and peculiar strong odor, also suggest 
the same idea. Decomposition of organized bodies is so depend- 
■ ent upon the life of lower organisms, that Pasteur Jias ex- 
pressed his beUef that without their intervention (mucedines, 
molds, bacteria, etc.) "dead organized matter would be almost 
indestructible." II 

It is lUffleult to account for the remarkable rise of tempera- 
ture atter death, unless it be supposed that unusually rapid 
chemical changes are going on. Thus Dr. Marvin, house phy- 
sician to the yellow-fever hospital at Louisville, Ky., records, 
in an analysis of 70 eases there treated, that "just before death 
the temperature generally fell to 97°. After death it gradually 
rose, sometimes to 10(J4° in the axilla, the body remaining warm 
for twelve hours."l| 
J> T. C. S. Mercier rejiorta *• the case of a German woman who 

•Fnngi, N. Y, Intemutionftl Scieulilic Series, 1875, p. 47. 

t Magnin, op. fil, 

I CompteB rendiiH, Ixviil, c77. 

SHep. of Med. Offlcerof the Privy Cimncil, 1870, j.. 43, 

B Watt's Dict'y. Cliem., 1879, vol. vi, p. 613. 

'F Med. Kecord, Deuenther 21, 1878. 
*N. 0. Med. and Surg. Jonmal, Sept., 1878. 



YELLOW FEVEE OX U. S. STEAMER PLYMOUTH. 45 

died at the Charity Hospital, at Xew Orleaus. of yellow fever, 
with a temperatuitf of 111 - 101' ? in the axilla two hours be- 
fore death, of VfiZ'- iu the axilla, and 1<»1>' in an incision made 
through the aUlouiinal walls five hours after death. 

The parallelism Ijetween these traits in the l>ehavior of the 
microscopic or;:ani.>njs referre<l to. ami of the yellow -fever jKii- 
son, seems to Ije sufficiently obvious to establish a strong proba- 
bility of relationship. SupiXise the ixiis<jn to l>e, for example, 
a fungus, capable of development outside of the human body, 
that, under favorable conditions, it is rapidly propagating 
itself on shore, and that a i>er.son receives its active si>ores upon 
his clothing, and its infective prrxlucts I'whether primary or 
secondary; into his system, carrying them to a ship with him. 
If the conditions in tbe sbipai-e not those favorable to the con- 
tinued increase of the organism and to the development of its 
toxic products, there will Ije no further extension of the disease 
than to those i^ei-sons exjKjsHl to the quantity of ])oison im- 
ported. If the conditions are favorable the disease will become 
almost immediately epidemic. If favorable conditions are not 
present on shore, but are in the ship, the germ may be brought 
off in its passive state and spring into activity on board, in 
which case a considerable interval will elapse before the iK)ison 
reaches maturity, and the epidemic will api)ear to have arisen 
spontaneously within the sliij>. If the conditions are not favor- 
able either on shore or aHoat, the poison, in the fonn of conidia^ 
sclerotia^ or mkrozymeif, may remain passive for an indefinite 
I)eriod, until the pioper conditions are presented, as in the rare 
instances of a first outbreak at sea after a long i)eriod spent in 
a northern iK^rt. and with no history of a previous epidemic* 
Or, as in the casf.'S of the Tlyinouth and Susciuehanna (see p. 
57), the organism may, after reproducing itself for a time, 
lose its activity, owing to change of climate, to propagate itself 
anew as swiii as it is again i>laeed amid favorable conditions. 
In short, it is possible to account for all of the apparently in- 
consistent pljenoinena of yellow-fever epidemics by referring 
them to thoroughly well-(*stablished facts in the natural history 
of vegetable organisms whose life history is known. It mr 



'Tin; (it'iit^rnKircoAU', e. g., La Koche ii, p. 425. 



46 YELLOW FE\"T:it ON U. S. STEAMEE PLYMOUTH. 

even be, considering the probaliility tliat a peculiar meteoro- 
logical condition is necessaiy to the development of yellow fever 
as a disease, that the disease and its organic cause are hy no 
means so closelj' connected as has been supposed, but that the 
latter may be always present within its geographical habitat, 
while the former can only be produced when a not always pres- 
ent pabulum has beeu supplied, from which the toxic agent 
necessary to the causation of the disease may be elaborated. In 
a similar way the same vegetable ferments may give rise to differ- 
ent products, according to the conditions under which it is 
placed. The "mother of vinegar" (Afycoderma Meti, Pasteur), 
for example, when submerged in an aloobolic liquid continues 
to reproduce itself, although its reproduction is no longer at- 
tended by tlie formation of ac€tic acid, as wheu the plant had 
free access to oxygen, but by the production of water and cai- 
bonic acid. The same result follows when the organism, remain- 
ing on the siu-face of the liquid, has consumed all the alcohol 
present.* 

We have thought it proper to recapitulate the arguments 
n'hicli have intiiieuced our eonclusioua with regard to tlie eau.'^e 
of yellow fever thus in detail for the reasons that they must 
necessarily, iu the absence of direct evidence, rest upon analogy, 
and that the practical results to which they lead seem to us to 
be of sufficient importance to require a full statement of the 
considerations upon which they are based. 

It results from the foregoing discussion that if, as we are 
inclined to believe, the cause of yellow fever is a product of the 
development of a microscopic vegetable organism, there is as 
little hope of success in attempts to lieep it out of a ship by any 
practical measiirea of quarantine, as the " spontaneous genera- 
tion" controversy haa shown that there is in maintaining the 
freedom of ordiuarj^ water from the presence of organic germs. 
Coal and provisions are necessaries which cannot be dispensed 
with even in infected porta, and the former of these has a iiar- 
ticularly e^il reputation as a carrier of the yellow-fever poison. 

Of the five concurrent conditions which apiiear to be neces- 
sary to the production of an epidemic of yellow fever, namely, 

' DiiclBiix, qniited by Slngiiin, p. 116. 
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high temperature, humidity, a suitable nidus, a peculiar me- 
teorological state, and the presence of the germ, only two are 
such as can reasonably be expected to be preventable, and these 
two are humidity and a suitable nidus. Experience has shown 
that something can be done in the way of preventing invasion 
of the poison by way of the atmosphere, by anchoring at a dis- 
tance from the shore * and by restricting intercourse with the 
shore in infected ports to as few persons as possible and to those 
parts of the day when the air is at its driest. Such precautions 
as have been found useful in this regard will be set forth in 
another place under the head of sanitary regulations. 

The series of graphic representations (similar to that of the 
Plymouth, hereto appended) now in course of preparation from 
the records of meteorological observations at the Bureau of 
Medicine and Surgery show that the saturation of the berth- 
deck air is often greater than that of the external air, and that 
there is a remarkably close correspondence between the degree 
of humidity of the air and the daily average sick-list. It is, 
so far as we can learn, the unanimous opinion of the medical 
of&cers of the Kavy that the practice of wetting and holyston- 
ing the decks below the water-line is the principal cause of this 
unwholesome humidity, and that it should be discontinued.t 
In this opinion several distinguished officers of the line who 
have tried the experiment of maintaining dry decks heartily 
concur. J Commander Sullivan D. Ames, for example, has 
informed a member of this board that by the use of a judicious 
mixture of yellow ochre with shellac he has succeeded in cover- 
ing the berth-deck of a ship in which he served with a water 
proof coating of sufficient firmness to be permanent, and which 
was much more easily kept clean than the bare planks. In the 

* See Dr. Daniel M. Burgesses letter to Havana Commission, Prelim. Rep., 
p. 12. 

t *^A ship must be kept dry to be kept healthy." * * » "The evapora- 
tion from a wet deck suiiplies water enou«;h to the atmosphere to raise it to 
its point of saturation." Med. Insp. A. L. Gihon, Naval Hygiene, Wash- 
ington, pp. 35 and 38. 

tin this connection see " Air and moisture on shipboard" by Mp" ' ~"^- 
rectorThos. J. Turner, Hyg. and Med. Reps., 1879, p. 667. Scarce 
cal report is received that does not refer to this evil with greater 
ness. 
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frame spaces ami beneath floors in ships when every care has 
been takei! tokeepallaceesBible parts clean and sweet. Between 
the frame spaces of the Plymmitb, for example, which was a 
well-kept ship, we foimtl large semi-solid masses, which proved 
to be made up almost entirely of bacterial organisms {Microooc- 
eas in the zooglsea stage and Microbactei'ia), for the production 
of which we are at a loss to acconnt ; whether these deposits 
had or bad not any direct connection with the outbreaks of 
yellow fever on that ship we have no data for deciding, but they 
show at least that the (conditions in the parts referred to were 
unusually favorable to the growth of one class of low organisms 
nearly related to those believed to be productive of zymotic 
The aspimling pipe whs nttatlled to the centtr of the case, while an outlet 
pipe commanicnted witLi the circnmrerence. On tnniing the wheel by n 
crank nit nas driven toward the circumfeTeDce by eentrifnjral Ibrce, and 
drawn in by the aspirSitiDg l>ipe, wbicli coinmuuicated with the apurtiuent 
to tie ventilated. The action was to bo reversed by ohiuigiiig tlio rouneu- 
tjoua. At about this time, and lat«T, there ia Ireqiieut iiii?utic>ii in llie Trans- 
actions of a ventilator devised by Rot. Stephen Hnlejj, and introdnoed with 
remarkably good resultB inlo varions ships; the "SncceM" frigate (Trana., 
slv, p. 410) and the " Earl of Hullifax " (xlvii, letter from Capt. Heury 
Ellis), for esample. Dr. Hales writes to a friend (Trans., slv, p. 410) that 
he had given an acconnt of hiu invention, which appeared to be a mechani- 
cal contrivance, to the Grcneral Evening Post in Septentber, 1147, but we 
Iiave not found any detailed description of the appnmtu^ iu the TraDsactiotis- 
On February II, 1742, Dr. Kichard Meail read to the Royal Society (Trans., 
xlii, p- 42) "An account of Mr. (Samuel) .Sutton's invention and method of 
changing tbe air in the hold and other parts of a ship," whicb appears to 
bo the first instance at aspiration by beat for the pan'oae of ventilation. 
Mr. Sutton proposed to close tbe flrepluce and nab-pit of the ship's coppers 
by tight iron doors, and to lead a copper or leaden pipe of suBlcieut eapncity 
from tlie ahip'a hold, bread-room, etc,, into the ash-pit. "And if iuto this 
principal pipe bo laid into the hold, other pipes are lot in, com mnni eating 
respectively either witJi the well or lower decks ; it uiUBt follow that part of 
the air consumed in feeding the flro iniiHt be rcsyeotively drawn out of all 
anch places to which the communication shall be no made." From a paper 
read by Mr Williani Watson (Trans., slii, p. 09), It iiiipmuvi (titil !llr. Sut- 
ton's plan was tried on board of the hulk, at ni<itlliii>l. uml.-i I'l 'W.-^id'a 

superiutendeuce, in presence of tile Lordsof Ihr Ailiiii I ■'■' s^luii- 

ors of the Navy, and the Presideut of Iho Royal SiHir I . ■ i ■ I, -.ui'- 

ccBB, lightwd candles being exliiigiiishi'il by tlir iiiih. in ir i,,- i\,\.,'s. 

The apparatus of Dr. Denai^iiHer* In nlimiKt Idimninl, hh ll^iii<><l in the 
Transnctions, with the "magazine vciitiktom" In ooiiii i imi' In our Navy 
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diseases, and may bo ]»rfNuiiieil to Ijavo been favorable to tlie 
growth of others. 

Coal haa been often credited with being the foniites by which 
the disease has been imiwrted and its mortality maiutaiQed. 
The inhabitants of ii)any infected ijortw, Key West, Bio de Ja^ 
neiro,aiid St. Thomas, for instance, maintain {erroneously, as the 
records show) that tlie prevalence of yellow fever in those ports 
began nith their use as coal de}>otfi. Coal was taken into the 
Plymouth at St. Thomas shortly liefore the appearance of the 
disease. The tirat case was a man employed about the galley, 
iuid the greatest number of eases occurred exactly over the eoal- 
buukers on the port side of tlie berth-deck. The Brooklyn {see 
p. 40} had taken in coal at Kio de Janeiro shortly before yel- 
low fever appeared, and the recent outbreak in the Marion was 
attributed to coal received at the same iwrt. 

While all decomposing organic matter is to be looked upon 
with suspicion, and it may be that eoal is more dangerous in 
this regard, according to a belief widely prevalent in the Navy, 
than ordinary lilth, there is oue substance, unfortunately fre- 
quently to be found iu our men-of-war, which appears to be 
particularly closely connected with the production of the dis- 
ease under consideration. Rotten icood haa been repeatedly 
singled out as the essential agent in promoting the develop- 
ment of yellow fever. The condition of the Plymouth in this 
regard has been olrea^ly described at length {pp. 20, 21, 22), and 
Dr. Woolvertnn declared his own conviction that the infection 
was " confined to the hull of the sliip, and particularly to the 
rotten wood about the berth-deck. • • * It is conceivable 
that the materies worbi, which we thought had been destroyed 
liy cold, may have been able to exist in a dormant state in the 
thick porous knees or beams."* 

The Medical Board which reported upon the epidemic of 1873 
at Pensacolat describes as "decayed wooden sheds" the hospital 
buildings and marine barracks, which Dr. Tryou had already 
reported as infected, and as the localities where the disease first 
appeared.^ Surgeon Sternberg states that "the jiresence of 
■ Hyg. and Med. Reps., 1W9, p. 6i»5. 
tlUem., p. 701. 
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decaying timbers, such as are foiiud about ^11 frame bouses, 
ships, aud wharves, is favoi'able, in some maimer, to the preB- 
ervatiou and increase of the disease."* Dr. Billiuga gi\'e8 the 
same coil elusioa as au accepted fact;t and Deputy Inspector 
General Donuet states, more cantioasly, that " the outbreaks 
on board the Cadmus aud Nettle have been partly attributed by 
some to the putrefying process of rotten wood on these ships." J: 
Nnmerous similar inatanecs are cited by La Koche. § 

On the otlier hand there is good evidence to show that when 
yellow fever has appeared in naand aud well-kept ships, it has 
fre4]uently not succeeiled in gaining a foothold. In the Monon- 
gahela, for example, yellow fever oecuireil three times during 
the years 187i-'75, without extending to the ship's company 
in general. || The Monongahela was a new ship, and had been 
unusually well cared for owing to the discomfort suflered from 
a foul bilge at starting on hei' cruise. 

The decay so prevalent in the timbers of ships is due to 
" dry rot," which is the result of the growth of various species 
of Polyporus, a genus of Hifmenomyeetoun fungi, the fruetiflca- 
tiou of which occurs within pores on the under side of the pUeus 
(fi-ntt-beariug organ). The microscopic white threads {myceli- 
um) which eoustitute the body of the plant, itenetrate between 
the bundles of woody fiber and are nourished at the expense of 
their constitueuts. The Polyporun flourishes to best advantage 
in dark, damp, and couflued spaces, its growth bemg checked 
in the presence of light and freely circulating air. In the I'ly- 
mouth, for example, the ravages of dry rot were found to be 
most extensive within frauie-siiaces, beneath flooriiig-boaids, 
and in dark comers of the bertU-deck, far from the hatches. 
As a result of its growth, it follows that the affected wood 
loses its firmness and elasticity, becomes brittle, and finally 
breaks down into dust, covered on the side next the hght aud 
air by a thin shell of sound wood which conceals the ravages 



f»t. ( 



* "Eeport on yellow fevw," r[\i<)ti-cl lij- Dr. Tryor 
tint. Hav., lot. ciL, p. 31. 
t Rep., p. 117. 

{Doshur, Pyrauins &.e., ii, p. 434, et teg., nliereiu 
of decaying shavings ATere foonil on clsHning the ahips. 
IJDr, Hoehliiig, San. and Mt-d. Hepa., 1B75, pp. 4*9-183. 
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EXPLANATION OF PLATES. 

Fig. 1. — Helminth4)8poriumf sp. From U. S. S. Plymonth; mycelium and 
jointed taenia-like spores, X 140. 

Fig. 2. — PolyparuSf sp. From U. S. 8. Plymouth ; mycelium only, X *200. 

Fig. 3. —Fragment of white oak affected by dry rot, from the U. S. S. Ply- 
mouth ; natural size and appearance. 
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of the parasite until the timber has become so much weakened 
as to show external signs of giving way. 

A peculiarity of the Polyporus is its property of growing in- 
definitely without producing spores whereby its specific nature 
can be determined. Among the very numerous specimens col- 
lected from the Plymouth there were none found that had i:ro- 
duced spores. At least two species, cliaracterized by a decided 
difference in the diameter of their raycelia have, however, been 
distinguished, and sketches of their microscopic appearance 
are appended hereto, together with a photograph of a fragment 
of wood affected by the fungus. 

Other fungi, which are not known to promote the decay of 
wood, were found in the Plymoutli bearing spores. One, a 
species of llelminthospormmy found on the under side of a pilank 
which had been used as a keelson cover beneath the floor of the 
after magazine, presents not only its own proper spores, but 
numerous sclerotia^ with minute spore-like bodies which we take 
to be conidial (or asexual) forms. (See p. 43.) 

Measures for the prevention of yellow fever in men-of-war 
should begin with the very construction of the ships, by secur- 
ing as free access of light and air as is possible to every recess 
of their hulls. Bearing in mind the fact that the dry-rot fungus 
flourishes only in dark, damp, and confined spaces, and remem- 
bering the heavy annual pecuniary loss resulting from its rav- 
ages, measures calculated to interfere with its growth seem to 
us to need no argument for their adoption.* JSiich measures 
are — 

1st. Free passage for air through each frame-space, open to the 
bilge below, and on the spar-deck just below the hammock-rail. 
Filling-chocks should be scored at the sides, and the fillings 
around air-ports bored through, the holes to be not less than one 
and one-half inches in diameter, t In the Alliance a few of the 
frame-spaces were ventilated by openings on the spar-deck; in 

* ** How to keep out water and liow to get in air are the two great prob- 
lems of marine sanitary science." A. L. Gilion in Rep. Am. Pub. Health Asso- 
ciation. Vol. iii, p. 89. 

tSee in this connection a valuable paper by Staff-Surgeon John Dtnis 
Macdonald, R. N., in Stat. Rep. on Health of the (British) Navy, 1867. 
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the Galena we are infoiiued that most of tliem are, and in the 
Laucaster, now under coiistruetion at Portsmouth, H". H., this 
requirement is fully met. Such a construction as has charac- 
terized many naval sliips (Hwatara, Trenton, Monongaliela, 
Teunesaeo, for example) whereby the irame-spacey were pro- 
vided with openings only upon tJte berth -deck, or with no open- 
ings at all, is particnlarlj' favorable to the production of diy rot, 
to the destruction of timber, to the injury of health, and to the 
propagation and preservation of ttie yellow-fever pouon. 

2d. Scuttles or manhole plates in the doors of all Htore-rooms, 
shell-rooms, and maga/Jne-s, so that the skin of the Hhip, bilges, 
and bilgestrakes may be made everywhere easily accessible. 

3d. The a\'oidance of all uouflned-air spaces between bulk- 
heads and the skin of the ship, and U-hind tin, lead or zinc linings. 

4th. The use of as large air-ports a^ possible, and the admis- 
sion of as much daylight as possible into the berth-deck space. 

5th. The introduction of ventilators, such as those in the Rich- 
mond and Lancaster, into all vessels hereafter constructed, 
This method of ventilation has an especial advantage, beyond 
the promotion of dryness and constant change in the air below 
decka, in that its i>ipes can be utilized for the introduction of 
disinfecting vapors to all parts of the ship whenever it becomes 
necessary to use them. 

6th. The maintenance of dry decks below the water-line, and 
of dry bilges, both by the itse of subsidiary drying-pumps and 
by discontinuance of the practice of wetting the gnu and berth 
decks. 

As to this last recommendation, we suggest that it would be 
prohtable to institute an investigation as to the most advanta- 
geous water-proof coverings for the berth-deck, with a I'iew to 
discontiniting the practice of holystoning, so far as that deck is 
concerned, altogether. Should such an inquiry meet with your 
approval, we suggest that it include ulso the examination of 
lie coverings, such as copper or lead, for those parts of the 
ith and abaft theougineandtirerooms. Copper is used 
torn in many French men-of-war, but is open to 
sa very accurately fitted to the contour of the 
tJie occurrence of cracks in the solder by which 

' Bourel-Roacifert, lot. cil. 
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its plates are secured to each other. The strong and destructive 
affinity of fat acids for copper presents also a theoretical objec- 
tion which it would be well to consider. 

Various experiments upon the impregnation of timber with 
carbolic acid ('^Burnettizing") and with barium sulphate (the 
"Thilmany process") with a view to its preservation, are now 
being prosecuted in the Navy, concerning which it would be pre- 
mature to offer an opinion, further than to declare that just so 
far as they tend to the preservation of the timber from decay 
they will tend to the prevention of yellow fever and to the 
improvement of the health of ships' companies. We are 
informed by Constructor Pook that the Yandalia, which had 
been '' Burnet tized," has not suffered from decay in the four 
years or more that she has been in commission. The recom- 
mendations relating to construction, thus far presented, are all 
being carried out in the Lancaster, now being rebuilt, in a manner 
that meets with our hearty approval. * 

Furthermore, we recommend as a measure of prevention that 
a code of sanitary regulations be drawn up with especial reference 
to yellow fever, and applying to all vessels cruising within the 
^^yellow-fever zone," in a similar manner to the application of 
the regulations for vessels cruising on the west coast of Africa. 
Such regulations should, as we suggest, reasoning from the facts 
already presented, include the following points, with such others 
as the experience and wisdom of the officers appointed to pre- 
pare them may supply : 

a, Eestriction of liberty on shore to the hours between 
sunrise and sunset. 

hj Eestriction of articles received on board, in jiorts where 
yellow fever is epidemic, to provisions only. 

c. Careful investigation of the subject of coal supply in ports, 
usually infected, and of its probable bearing upon the introduc- 
tion of disease. 

d, Authority to commanding officers to leave infected jiorts, 
without communication with the department, upon recommen- 
dation by the medical officer of the ship.* 

* Such authority has ah-eady been granted by the department in particu- 
lar ca^es. See order dated December 20, 1875, quoted by Med. Insi^ector B 
F. Gibbs, Hyg. and Med. Reps. 1879, p. 244. 
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e, Anciiomge at a distiinee from shore.* 

/, Iiiteraal regulatious relating to water supply, uleiiuliness, 
cliauges of clotliiug, discipline, Lours of labor, etc. 

By tLe consistent practioe of such preventive meaaui-es as 
have been indicated we believe that, while the occuiTeiice of 
yellow fever on shipboaixi ca.niiot be altogether prevented, the 
disease will rarely if ever beeoipe ei)idemic in a sound ship, and 
that so frightful a loss of life as has characterized the outbreaks 
in the General Greene (1800), Macedonian (1821). Enterprise 
(1822), the Hornet (1828), Levant (1842), Eclair (1845-'46), and, 
more recently, tlie Snsfinehanna, Kearsage, and Saiutoga can 
never occnr again.t 

Too great stress may easily he laid npou cleaultness, to the 
risk of jirotluciiig a fal.'ie sense of secnrity, and of neglecting 
other preventive meaj^ures of equal importance. For,although 
among the great number of instances detailed by La Eoehe of 
the occiirreuce of epidemic yellow fever on shipboard we have 
discovered none in which accumulations of filth were not found 
when the ships came to be broken out, there is no doubt that 
^■ery tlirfy ships frequently eseajM this particular disease when 
not exposed to ita specific cause. The Plymouth's experience 
is moat instructive in this connection, since that vessel was un- 
usually dean au<I well kept, and bat for the immense amount 
of decayed wood which she contained presented no very obvious 
explanation of the tenacity with which the disease retained its 
hold upon her. The MoDongahela,|: on the other hand, being 
a sound ship, never became infected, although invaded three 
several times. Cleanliness, therefore, while doubtless a pre- 
ventive measure of vital importance, is to be considered as only 
one among several to be practiced with equal care and perse- 
verance. A sound, dry, and clean ship, in which the sanitary 
regulations of which experience has proved the value are care- 

* See Dr. Filclier's report; Eep. of Havana Comiiiissioii ; Begulatioiis of 
French and Spanish nuvicH. 

tDr. Ezra M. Hunt, in a paper presented fo the Public Health ABsoo.f 
Richmond, November, 1873 (Jled. Ree. Jannary 18, IWtt), Bugge^tH Heverat 
measures of medical prophylnsia. 

t See ji. jl. 
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fully observed, will doubtless run far less risk from exposure 
in ports where yellow fever prevails, than another similarly situ- 
ated which is rotten, or dirty, or wet below the water-line, or 
does not observe such precautions, and will escape many times 
when the latter will suffer severely. 

When, either because of the neglect of proper precautions or 
in spite of them, yellow fever has obtained a footing within a 
naval vessel, it becomes a matter of the utmost importance to 
know what measures may reasonably be relied upon to check 
the disease and to prevent its recurrence. 

For this purpose we are of the opinion that the use of car- 
bolic acid, chlorine and its compounds, sulphate of iron, nitrate 
of lead, and chemical disinfectants generally is, however effec- 
tual in destroying odors, of v^ery doubtful efiicacy in destroying 
the germs of disease.* 

Eepeated experiments have shown that these agents even 
when they suspend the activity of low organic forms fail to 
destroy them totally ; the same bacteria, for example, sometimes 
resuming their development and active reproduction as soon 
as they have again been placed in a medium favorable thereto, 
or as the agent employed has become exhausted by the hydro- 
gen compounds resulting from putrefactive fermentation. An 
exception to this statement must be made, it appears, in favor 
of sulphurous-acid gas, which doubtless totally destroys the 
vitality of vaccine virus,t of the specific poison of cattle plague, 
and of bacteria, which have been connected with many dis- 
eases; even when largely diluted with air. 

*" The weight of testimony is very pronounced against disinfectants*'^ 
Rep. Yel. Fev. Commission to Am. Pub. Health Ass., session of November, 
1878, Med. Record, November 30, 1878. 

By a recent report (dated March 26, 1880) to the honorable Secretary of 
the Navy, it appears that the U. S. S. Marion had been disinfected at Monte- 
video for sixteen days, an average of fifty pans charged with chlorinated 
lime and sulphuric acid, and frequently renewed, having been kept below 
decks, discharging chlorine gas, during that period. Yet when the hold was 
afterward broken out two of the men so employed were attacked by yellow 
fever. 

tSee Surgeon Sternberg's experiments in Bulletin of the National Board of 
Health, January 17 and March 13, 1880. 
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A luw tomixtrattiro ig dniibtU^ss an efficient dJsiafeetaiit so 
loug as it contiDUQS to be itreaent. Xi'w ciises otsase to appear 
and old uase» improve, a,s a, rnle, as soon as tlie temperature of 
tlie air falls below 72°. Furtliermore, it lias happened that 
ships (the Jamestown, for esamplc*) have become infected, 
gone to a eold climiite, and, having been there biokeii out, 
cleaned, and exposed to aireeziny teuip'^iature for some months, 
have retui-ned to the yellow-fever zone without suffering from 
a return of the disease. A bill has lately (1879) received the 
approval of Congress for the eonstniction, at a cost not to ex- 
ceed 8200,000, of a refi'igeratiiig-ship, for tho solo purpose of 
inducing a low temperature in int^cted vessels, 

On theother hand, even prolonged espoanre to a temperature 
below the freezing point has not always secured infected ves- 
sels against a return of yellow fever when again subjected to 
favorable conditions. The experience of the Plymouth is here 
in point, and tliat of the Suscpiehanna is still moi'e ajiposite. 
The following published letter from Medical Director It. T. 
Maccounf gives a concise statement of the facts : 

"A severe epidemic of yellow tever occurred on board theU. 
S. S. Susquehanna, at Grey Town, Central America, iu 1858. 
The Susquehanna came direct from England and the Mediter- 
ranean, a few months before, with a perfectly healthy erow, and 
yellow fever was unknown at Grey Town, As soon a« the fever 
showed itself the vessel went to sea, bound north, but in the 
course of a few days so many fli-emen and coallieavers were pros- 
trated by tho disease that shewa.^ obliged to touch at Jamaica, 
enroute, to procure meu to work the ship. By kind permission 
of the authorities, nearly one hmidred cases were landed at the 
Royal Naval Hospital, Kingston, and the ship proceeded on her 
way north, the disease still continuing its ravages ; and on her 
arrival at Sew York, one hundred adilitional cases were landed 
at the quarantine hospital. 

"Yellow fever had prevailed on board tho Susqiiehauna ou 

a previous cruise; but in the interim she had been exposed 

'le cold climate of the north, and as there was no fever at 
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Grey Town, ami no record that the scourge had ever visited 
that place, the supposition is that the poison had remained dor- 
mant in the hold of the ship, awaiting- the proper surroundings 
of temperature, moisture, etc., to resume its activity. The bilges 
of the ship were not accessible at tlieir after part, and on tear- 
ing up the planking were found very foul ; nearly all those who 
were employed or slept on the lower deck, such as firemen and 
coalheavers, contracted the fever, while all who were employed 
or slept on the upper deck escaped, plainly showing the local 
origin of the disease. 

^^ After the ship had been thoroughly dishifected and fumi- 
gated, and had remained exposed to wind and weather for sev- 
eral months, two firemen who were sent on board to examine 
the condition of the. machinery contracted the fever, so endur- 
ing was the nature of the poison. After this sad experience, 
the Susquehanna remained dismantled in the harbor of 'Sew 
York, exposed to the freezing temperature of several winters, 
and was again put into commission as the flagship of the !N^orth 
Atlantic squadron ; but on her return to the tropics the fever 
reappeared on board of her. 

'^ From the above facts I am led to believe that frost does not 
kill the yellow-fever germ, but merely renders it torpid until 
congenial influences and surroundings enable it to resume its 
activity and reassert its dreadful sway.'' 

AVTiile there is some doubt, according to the above interesting 
letter, as to whether Dr. Maccoun was a believer in importation 
or spontaneous generation of the yellow-fever poison, there is 
no doubt of his conviction that the poison was a material entity 
residing in the ship, nor as to the facts which he recites show- 
ing that it retained its potential vitality after the ship had been 
thoroughly cleaned, fumigated, and disinfected, and after her 
very prolonged exposure, dismantled, to alow temperature. 

Dr. Still6, in the lecture already cited, speaks as follows of 
the influence of low temperature : 

"But experience has shown that in this way it (the poison) 
is not always absolutely killed ; that its activity may be only 
suspended, and that when it has prevailed in the autumn it 
will perhaps prevail in the following year if the weather favor 
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its revival. Again, a transient period of cold weather does not 
always put an end to an epidemic of yellow fever; if the tem- 
perature rises a^ain the disease may break out anew." 

It may be, as has been urged respecting the experience of the 
Plymouth, that there are recesses and protectod spaces which 
are not atl'ected by the low temperature prevailing in the ruoi-e 
exposed parts of a ship subjected to the natural freezing prO' 
cess, and that by proper care such recesses could be opened up 
to the action of a refrigeratingship. We cannot deny the 
])0S3ibility, .so long as the yellow-fever poison remains imideuti- 
Bed, that extreme cold may permanently destroy as well 
as suspend its vitality." But, considering the {m:t that such 
experiments as haveiseen made with this agent have not always 
pro\'e<l successfid, and that extremely low, temperatures do not 
permanently destroy the reproductive power of low organisms 
in general,t we do not recommend that a costly apparatus for 
testing the value of this mode of disinfection be constructed for 
use ia the Xavy until further and positive experiments ha\e 
demonstrated its efficacy. 

Those who advocate this mode of disinfection do so upon the 

' The followinK estraut from u lettor nddteuaed to Hon. Islittm 0. H«rris 
Mar<:li a7, 1879, and signed by Medical.DirectorThinnaa .1. Tiiniur, U. .S. N., 
Surgeon J, B. Hamiltnii, United States Reveime Marine Hospital Snrvice, 
iiud .'<iirgiMiii Jolin S. Billingn, L'. S. A., an to the r<^frl|;eratliig-Bhip project, 
JH of interest in thiaeounectioa: 

" Oil). Whether the prodiietion of a tempei.itiire cvenaa low UN zero, iu a 
■ship, for a eomparatlvely short period of liiue, id ett, for a few boiira, will 
destrny or render purmaneatly harmless the yelloiv-favBr poison, we do not 
know, th lira lieing now no satriufactoi'yBvideneeinesiBtcnce upon thU point. 
Bat * • ' we are of theoplniouthatthaexperiiimul is worth try iug." — 
Gamgoo, op. fit., p. 157. 

I S'N- lii'i IK' Siiiiiiifiiiue, Fevridr, 1S77, p. 794. "A high l*mperuture kills 
liiiitiiiii, iiilrl i.iiiiinylH theiu (lea engounlll). Thuir active life ia anapeniled 
liy rlK- inliL :t~ uill iLs I'lieir piiwer to produce or to maintaiu pntrefaction." 
K'xli -Irii'il iuli-ii.i'd lilooil from ctiarliou and kept it tnon.' than four yearn, 
after whivU it pruiliii'ed an iietion as fatal fib thnt uflilood freshly drawn 
from the veiiLs uf au animal siifTering from charLou. (Tmnslatioti ol' a Itx;- 
tuie by John TyuJall. ) 

"FnHthlia»i"n-trod1hutcmi"TntureiifT)acter:adowuto— 124.6- Fah., but 
•n wftmdng thcui iigiiin !»■ lia>i dewlnped coci'iis uud IHirthw bacltiia." — 
^gi-ci, p, 14'!. 
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theory that yellow fever is a disease of nautical origin, and that 
it not only resides within the ship upon which it manifests itself, 
but is .generated spontaneously where it is found. Mr. John 
Gamgee, who is an able advocate of this mode of disinfection, 
and who has presented the arguments in its favor at their best 
in the interesting hrochure already cited by us, denies that 
" germs or spores "*,have anything to with this disease, which 
he considers to be "far more easily, surely, and permanently 
preventable than typhoid or scarlatina."t 

Absolute proof of the theory that the cause of yellow fever is 
a living organism propagating itself according to the laws which 
govern other organisms and of definite specific characters, will 
be almost certainly fatal to the idea of using cold as a disinfect- 
ing agent. In the want of absolute proof there is a certain pre- 
sumption in favor of this theory, the weight of which we have 
endeavored to set forth in the preceding pages. 

Neither, it must be confessed, do we know by actual experi- 
ment that a relatively high temperature will destroy the germs 
of yellow fever ; nor can we expect to know it until the germs 
have been isolated and recognized. Reasoning from the natu- 
ral history of bacteria however, which has been successfully 
studied with especial reference to the influence of temperature, 
the use of heat as a septicide affords a better prospect than we 
find in any other agent. 

Pasteur, for example, announced at the session of the Acad- 
emic des Sciences for January 29, 1877, that exposure of an in- 
fected liquid to a temperature of llOo C. (230o Fah.), for ten 
minutes, or 130^ 0. (266^ Fah.) for five minutes, is enough to 
insure the death of all germs. Feltz J found that one cubic 
centimeter of putrified blood containing bacteria, mixed with 5 
cubic centimeters of water, and injected into the veins of a 
rabbit killed it in from three to seven days. After heating to 
80O C. (1760 Fah.) it was still full of bacteria, and fatal in eight 
days. But exposed to 160^ C. (310^ Fah.) in a sealed tube for 
four hours it became innocuous and contained no living organ- 
isms. M. Schutzeiiberger§ states that the fecundity of the 
spores of all common fungi is destroyed at 130^ (266^ Fah.). 

*P. 150. tP. 9. tComptes rendus, Ixxxiv, p. 353. 

!^ Fermentation; D. Appleton & Co., N. Y., 1876. 
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I>r, Bunlon-Samlerson says: "In the furtlier progress of tlie 
iutjuiry it was foiititi imtirely unnecessary to employ ao high a 
temperature a8 170a to 200^ C. {3:i80-392o Fab.) in order to 
prevent the evolution of organic forms, provided that the 
liquids are protected from coutaminatiou by external means."* 
By a series of esperimentw recently prosecuted by Dr. Weruieh, 
upon the comparative disiufectiug powers of siilphurous-aoid 
gas and hot airt il appears that exposure for five minutes to a 
temperature ranging from 2570-302° Fah., is equivalent to ex- 
posure tor six hours to an atmosphere couiaiuiug froin tl to 7 
ppr cent, (by volume) of sulphurous-acid gas. In both oases 
the organisms experimented upon were remlered incapable of 
reviving. The use of a less proportion of sulphurous acid, a 
shorter time of ex]>08ure, or the application of a lower temperar 
ture wa8 followed in some cases by a resumption of activity on 
the part of the bacteria, f 

Tliese citations (and it would be easy to adduce a much greater 
number) leave no room for doubt that heat approaching 30(P 
Fah., is fatal to the moat refractory organisms that have been 
examined. The mass of evidence is in^favor of it-s efficacy even 
when applied for but a short time.§ 

Practical experiments upon the inflnence of a high tempera- 
ture upon the vitality of the yellow-fever poison have been 
neither numerous nor definite, yet so far as they go they are 
uniformly favorable. The common practice of burning infected 
clothing and buildings shows that there is a popular faith in 
the efficacy of heat to prevent the reappearance of the disease 
upon a locality once burned over. || 



"Studic'H of CoiitagioH, Rep. Med. Off. tn Privy Coandl, 1970, p. 55. 

tCenCralblatt fiir illf Meilicinischo WiaaenBohafton, vol. xvii, p. 2^7. 

t Dr. Wemii^li also obBervnd that difiereut fabrios ^ave np their iufections 
with diS'ereat degiOK^ nf qiiickuess — wouleii luosl I'eadily, linen leaa eaaily, 
aud cotton wadding wilb mnttt ditliualt.v of all. 

f See Appendix I!, Ei-pnit uf Medical Board to examine tlie U. S. S. Plym- 
onlh, dated April 17, 1870 : " We believe it in an Hdmitted fact that heat 
at or almve the Imiling jinint of water ia more effective in deatToying tlie 
getJD of yellow fever tltau even cold, and is pHrticulailj- applicable to abijia 
HB heiui; botli dicaji and effective." 

||"The fire of Londnii, it htsbfie i observe', ivaa a blessing. It barned 
down the city; btit It bnmed out the plagnp." Macanlay'd Esaay on HiH> 
lory, Kdinb. Bev., May, 1^8. 
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Live steam has been admitted to the interior of ships of war 
as a disinfectant against yellow fever, and with success.* 

Disinfection by baking has been recommended again and 
again for quarantine stations, and is not used extensively at 
this time, not because of any want of faith in its eflftcacy, but 
because of the injury that would result to the cargoes of the 
ships. As already set forth, the navigation and some other 
stores of the Plymouth were baked at Portsmouth, in the oven 
used for baking cores, with a view to their disinfection. The 
temperature was raised to about 260° Fah* 

Subsequent reflection and investigation have confirmed us in 
the opinion expressed in our preliminary report, dated March 
10, 1880, t that the best prospect of success in attempts to de- 
stroy the poison of yellow fever, when once it has become epi- 
demic in the Navy, is aitbrded by the use of a gas or vapor at a 
high temperature. In the hope that it would be possible 
to combine the advantages of a chemical septicide of known 
power with those of a high temperature, we then recommended 
that experiments be instituted upon sulphurous anhydride 
(sulphurous-acid gas) as to the practicability of introducing it 
into every part of a vessel, and of maintaining it at a tempera- 
ture approaching 300° Fah., which we believe to be sufficient to 
destroy every living thing that it reaches. 

Experiments have accordingly been begun and are still in 
progress, directed to the settlement of the following questions: 

1. Can sulphurous anhydride be employed at a high tempera- 
ture in the interior of a ship without serious injury to the ap- 
paratus employed or to the metallic surfaces exposed to its 
action ? 

2. Can it be introduced in sufficient quantities to reach every 

* Yellow fever appeared in the U. S. S. Don, at Sta. Cruz, in November, 
1867, having been contracted at St. Thomas. Abont 15 per cent, of her 
crew were attacked. The ship was emptied, hatches and ports closed, ** and 
a heavy pressnre of steam from the ship's boilers tnrned in" to the hold, 
everything remaining closed for twenty -fonr honrs. She linishedher cruise 
in the West Indies withont any fnrther outbreak of yellow fever. A very 
similar history is related of the Maliaska, at New Orleans, also in 1867, 
foUowed by a like favorable result. Rep. Mod. Board on Plymouth, April 
17, 1879. 

t See Appendix C. 
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pait of the ship, and maintained at a temperature approaching 
aooopah.!* 

1st. Solphuroos anhydride was generated by the action of 
sulphuric acid upon copi>er in a glass retort, washed in a 
AVolflTs bottle, dried by passing it through calcium chloride, 
and heattxl as it passed through a glass tube coiled upon itself 
in a spiral of four turns ; thence it passed into a flask contain- 
ing strips of copper and bits of iron wire, and provided with a 
thermometer. In the first experiment the glass coil was heated 
by immersion in olive oil raised to I8Q0 C. (356o Fah). l^o 
effect upon the copper or iron followed. In following experi- 
ments the glass coil was heated directly by a Bunsen's burner, 
and maintained at a red heat for one hour and twenty minutes, 
until, indeed, the glass coil was melted so as to lose its form. 
The thermometer in the flask showed an increase of only 12° C. 
(31.6° Fah). After boQing the copper and iron wire thus ex- 
posed in distilled water, the filtered liquid gave a very faint 
reaction with baric chloride, showing that sulphuric acid had 
indeed been formed, but in so small quantity as to be probably 
harmless to the engine of the ship or to the metal of the super- 
lieater. 



« 



The properties of sulpurous anhydride are as follows : 
A colorless pungent gas, resulting from the burning of sulphur with free 
access of oxygen/ and by other methods. One equivalent of sulphur com- 
bines with two equivalents of oxygen (SO^). The gas is liquefied by a freezing 
mixture of ice and salt, or by a pressure equivalent to three atmospheres, 
the liquid becoming solid at — 79° C. (— 110° Fah). The observed specific 
gravity of the gas is 2.247; its specific heat, 0.1544, as compared with an 
efpial weight of water, or 1.62 as compared with an equal volume of air, as 

shown by the following table of specific heats : 

Eqnal weights. Equal volames. 

Water 1. 

Air 0.2374 1. 

Steam 0.4805 1.36 

Sulphurous anhydride 0.1544 1.62 

The gas is decomposed at the temperature of 1200° C. (2192° Fah. ), or by 
a powerful induction spark, into sulphur and oxygen, a part becoming sul- 
phuric anhydride (SO3) by the combination of oxygen with another portion 
of sulphurous anhydride. It extinguishes the flames of burning bodies, but 
metallic potassium and finely-divided tin will burn in it. In presence of 
steam sulphuric acid is formed and the same result follows more slowly when 
sulphurous anhydiide is mixed with water and exposed to light and air. 
Several of the metallic oxides will part with their oxygen at a. high tem- 
l)erature to form sulphuric anhydride. 



i 
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2(1. The same exiieriment was reiieated with the omisBion of 
tlie calcium chloride. A superheater, made of brass tubing, 
tiiruod into a oloae double coil, aud exposing ten feet of tubing 
to the heat of tlie lamp, was substituted for the glass coiL 
The pressure of the gas generated in the retort Twing insuffi- 
cient to send it through the entire apparatus, au aspirator was 
attached to its outlet tube. Gas was passed through for two 
boors and ten minutes, but iiotwithstaudtng the increased sur- 
face of the metalUo superheater, the thermometer in the recep- 
tion flask (which represents the hold of the ship) showed a rise 
of only 68° F., a less heat than that which it was desired to 
produce. No immediate effect upon the copper strips and iron 
wire in the flask followed, but after forty-eight hoars both were 
found to be corroded and coated superflcially with sulphates. 

At the temperature obtained therefore (about 130° F.), dry 
sulphurous anhydride apx>ears not to injure metallic substances 
with which it may come into contact." If the gas be moist, 
however, corrosion will follow in time ffom the slow conversioa 
of sulphurous anhydride into sulphuric acid (see note, p. 64), in 
the presence of the vapor_ of water. There is no theoretical 
reason for supposing that this conversion will occur more 
rapidly at the higher temperature of 250° to SOO^ F., which it 
is desired to reach, than at LltP F., hut au important practical 
inference from these e:ci>erimeDbi is the fact that there will 
probably be some difficulty in reaching the high temperature 
desired with a gas of so high specific heat as sulphurous an- 
hydride. If the gas can be delivered at the required tempera- 
ture, however, its high specific heat wiU render it much less 
difficult to maintain the temjierature in all parte of the ship 
than would be the case if another gas of lower specific heat 
should he made use of. 

To test the practicabihty of this part of our recommendation, 
we proposed to repeat the experimentupon alarger scale, using 
liquefied sulphurous anhydride in tanks, and so avoiding the 
necessity for the furnace and blower suggested in our pre- 

• Sulpliiiroiis auliydriile is used foi- tlie prodiictiou of ice iu tho appamtoa 
of the Pictiit Artilttial leu Co.,»nd is found to iioeseea th« " important prop' 
erty of not corroding the metals biougM in contact witli It, and of lulirioat- 
ing them even in anch a way as to avoid tho iiBual operation of oiling." ; 
Company's circiilni'. 
5 PL 
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liuiiuary rei>ort. To tliis eud «e have arraug^l witli a JTew- 
York liroi for the ueeessaty supply of the liquetied gas, aod 
have procnreil self-registering thermometers of high rauge to 
Yte placed io the diflereut parts of the ship or apartment to be 
experimented apou. Unexpected aud vexatious delays, arising 
from a breakdown in the I'oudeusing appai-atus, have up to 
this time prevented the Jinn with which we have contracted 
from furuimhiug the liquetied gas, and this final esi>eriiucat, 
which we regard as a necessary prelimiuaiy to action aiHtn our 
i-ecommendation. remains yet to he tried. 

Should it Imj found to^be jiracticaMe to introduce sulphurous 
auhydiide into every part of a ship, and to m^ntaiu it within 
her hold at a temi)eiature of, or exceeding, 250° F., its use on 
ship-board will present no veiy serious practical difiiculties. 
Siue<- the gas is condensed under a pressure not exceeding 
three atmosphei'es, it can be safely stored and shipped in soda- 
water tanks, and will afford the necessary pressure by its own 
vaporization. i'roi>er superheaters, consisting of a double 
coil of metallic tubing, somewhat similar to the Herreshoft' 
boiler, may be kept on hand at suitable points, or shipped when 
required. No other apparatus besides a supply of jointed piiMJ 
for the conduction of the heated gas to diifereut parts of the 
ship, aud of seli'-registeriug therm omet«i's, will be required. 
The crew and stores of a ship infected with yellow fever having 
been landed, and every part ma^le as accessible as possible, 
the conducting tubes should be le<l fore and aft, as recom- 
mended in our preliminary report, the hatches closed, and the 
hot gas delivered fnnn the spar-deck for such a length of time 
as experiment shall show to be ncccssaiy to the maintenance 
of a temxierature of liOlt" F. thmiiKhout. Should it not be con- 
sidered advisable to ostabliuli ii well-appointed disinfecting 
station, which would doubtli'»n bo Urn beat plan to adopt, we 
conceive that diointWtion might IIiuh be eti'ectttd in ships white 
still OM their stntiouH. 

The concjiisionn to be drawn IVoni tliu Hiatements of this report 
aresnUicieiitly obvloiiH, anil iiiiiy be Hniiiiiied n|> in a few words. 

Jn the llrst place, we lliul lyllid lit llie very niot of the' evil 
described the faulty ooridtnicllim, In a Niiiiltiu'y m-UHe, of the 
ship herself, liidit of iiNitoiliilN not pi'ol4'i<ti<il iiKiiinst the 
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causes of dry rot, and containing many places impossible to be 
exposed to the benign influences of air an<l light, she seems to 
have rapidly degenerated almost from the day of her launching 
into prematnre decay. In such a ship the sound condition of 
the vessel and of the crew she carries are alike imi3erilled. In 
her inaccessible recesses masses of organic matter unavoidably 
accumulate and remain putrescent, unseen, unsuspected, but 
constantly poisoning the air and inviting disease. 

The second considei^atiou which presents itself is that she 
was provided with stores brought from a place long known 
to be dangerously infected with the poison of yellow fever. 
Many of the packages examined by the boanl bore the mark 
of the naval store house on the isle of Encha^los rn the harbor 
of Rio de Janeiro, where many fatal cases of yellow fever have 
been engendered. Some of these packages were of a nature 
well calculated to hold and carry the germs of the disease even 
through a cold climate. 

The third iwint to be noted is that jiLSt before the appearance 
of the fever on board the Plymouth had taken a great quantity' 
of coal from St. Thomas, a dreaded source of yellow fever, and 
where the disease was prevailing at the time. 

From one or both of these causes of infection came the germ 
or seed which found a most congenial soil for its fructification in 
the decayed ship, which had been cruising for years in the yellow 
fever zone, and which containeil l>eneath the flooring of her 
holds and store-rooms the putrefying materials which are almost 
invariably found associated with outbreaks of this disease. 

Under these highly favorable conditions the fever naturally 
became epidemic, as the flame follows the spark falling among 
inflammable materials. 

Once lodged in such a nidus it is easy to understand how dif- 
ficidt it would be to destroy these germs by methoils of disin- 
fection ordinarily efficient. 

Finally, at the risk of prolixity and tiresome repetition, the 
board would earnestly call attention to the important lesson 
to be learned from the experience with the Plymouth. 

The ships of the Xavy, to be safe from epidemic disease, must 
be built of timber completely seasoned and prei»ared, by some 
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state that we decide them to be sporadic instances of yellow fever, super- 
vening upon exposure at night and want of due sanitary precaution. 

We, however, deem it prudent to recommend that, for some weeks to 
come, there be no liberty granted the crews of the vessels now lying here, 
and that the officers be required to return on board by 10 p. m., save by 
especial permission of senior officer for longer absence. 
Very respectfully, &c., 

SOMERSET ROBINSON, Surgeon, 

A. S. OBERLY, Surgeon, ^ 

R. J. PERRY, Acting Assistant Surgeon, U. S. N, 

To Capt. John H. Russell, U. S. N., 

Commanding U, S. S, Plymouth and S, 0. P, 



[Telegram.] 

Key West, Fla., March 29, 1875. 
Hon. Geo. M. Robeson, 

Secretary of the Navy, Washington : 

Surgeons report yellow fever epidemic in Key West. Have moved squad- 
ron except Pawnee. Dictator outside. No cases on board. Await orders. 

Captain RUSSELL, S. 0. P. 



APPENDIX A. 



To Hon. Geo. 31. R< •bE'^ >y. 

Two £ira! oa-s^^* of vi^Ilow fever in Key Wesr. H;ivo t^ker, v^^^'-*"^'"^***'*' 
Will aeiifl wjNirt ami rr>in"»»pli it rnorw' 



Lrttt'-r.' 



r. S. S. ri.YMOVTH, v^lnne,^ 

Hon. Gko. M. Robe<4>x. 

Sfcrttary of the Xarif : 

Sir: Having rpceive<l infonnatioii that theiv wert^ twooasik^A of ft'v^rou 
shore here, ihe rejiort of Actiu^j Assistant Surgt»on IVirj-. hon^with in- 
closnl with that of Lieutenant Winn, Ie«l me to l»oliove th*y wen* more 
serioos than repretsented. I imme<liate1 y oitlered a lH>:inl to invetiti)*ate ami 
report, which I resptctfnlly inoloae. I have oarritnl out their rtHH^m- 
mendationH. One of the parties, who died after tlve days* illue«M, was a telo* 
graph operator. The disease has not btn^n brought to the island* hut tH"- 
cnrred from the climate. * * * 

There is little care apparently taken in the sanitary n^gulations for tho 
health of the island. Schooner loa4ls of fruits and vegt^tahles ari« br\night 
from Havana, some in a decayed coiulition, and sold at piiblio auction on tlio 
streets. I will do all in my power to pravent the dis«MiS(« t\xuu nMiohiug tho 
squadron, and during the absence of the admiral will immediatoly notif^k* 
you of any increase by telegram. 
Very respectfully, &c., 

JOHN H. KrssKl.L, 

CrtptuiHrtHil *\ (K i\ 



R E P o n T . 



Kky Wkst, Fi.a., .}frtrvh «W, 1870. 

Sir: In obedience toyour order of this day we have made InvcHiigatlon in 
the two cases of fever referred to in the papers accompanying, and have to 
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to the oOren ■ivl inen t^ut ro thf Im^uI wer« renwrid along with tbera, 
tlie etotliiiig of tke unrw* empluyed aboot the aiek tra« deMroj«d, uid the 
•litp waa repea(«dty fumigBt«(l wiUi aDtphiiToiu sciiL 

From VorfoUc the Pljimoatb cwhb t« Portamoath, K. H., where she i»- 
maiiiM In qnarantine *tr«eiit«Dii (Ujrs sad then sailed for Boston, uriving 
thf^re December 17, lfl'8. 

January *■, 1879, the oAc«n ami crew left the ship ; the mf d wrre IraiiA- 
ferrnl with their elothea and bedding to the receii-{ng-«hti> and the mariiiM 
to (lie bamu^ka, where thsjr remaitied for Ave weeliH. 

Ifnrtux **•'■ pttio"'. January S to Febrnary 12, there wore no firps at any 
tliDO on hoanl the Plymouth, escept one in a small stove in the fire-room, 
at which tlie workmen warmed their hands: this was lighted for a Cewdaya 
only. Tile t«tiiperatuni of the air waa geueratly below the freezing point, 
and u» fumuid and rpninined solid in buckets plavctd in every part of lh« 
sUp. The wiit«r in the tanks was frozen. Hatches anil air-ports were left 
open, aiid with the exn-ptioo orthe tAtifci^ ehaiiia, and a few iliot, every- 
thing waa removed. PumigationB with Btilphuroua acid were several times 
employod, disinfectants were applied to the bilges, and lime-waali freely 
naad. Thelieddingwasairedonceat least when the temperature was below 
freezing. In fact, the disinfecting agencies of cold, I^bIi air, and fumiga- 
tion were fully aiiplied to the ship. 

February 13 the crew returned on boonl, and March 15 the Plymouth 
sailed from Boston for a cruise to the Windward Islandii. On tbe night of 
the ISlh March she enuountered a violent gale which rendered it necessary 
to batten down the faatehes. This proceeding made the air of the berth- 
deok very close and warm, the thermometer marking ^O^. 

On the inuming of the 21st Ricbard Bandera, machinist, who joined tbe 
ship in BoHtoii, wan attacked with yellow fever, and on the night of the22d 
Peter Bagan, bo»t«wain's mate, became affci!ted with the same disease. 
Eagan, who was old and soniewluit iuliTm, died on the Slxt March, Sanders 
Is ooiiTalescing. 

Itie Plymouth wHsheiulod for the north, and Brrive<l at Port^moutli, N. H,, 
April 7. 

CAlleE OF BBCURRKSCE UK YELLOW VKVBR. 

After a onrefti] cousidcration of all the facts, we have arrived at the con- 
uliiaioii that the infecting virus, which gavft rise t^ the last outbreak of 
foviT, must have liean jiroserved In the rotten wood of the berth-deck or in 
tlio l«ddjiig or clothing uf thi^ crew. 

PUKHKKT HAHITAIty CllNt>tTIOW A»n KEOOMMENDATKINS, 

In vlow of tilt! fact. thai, tlio Plymouth lias been contiuiioiisly in comniissioD 

for four years and a half, a greater portioii of tliat time in tropical or aemi- 

troplonl ulimntjM, that she has hail two outbreaks of yellow fever within 

>llth*, W(i think it Injuilieioiis that hIig should be kept longer in com- 

''« would recommend that the woolen clothing and btauketa of 

bed III iMlliug water ami then fimiiguted with Bulphuroue- 

tvlnKihaHhlp. 
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11' the ilepftrtmeut think It ilesiralile, all dlic Btoree of tlie Plyiiioiitli, 
esoept tlie woolens (via, clotliing, lilaukeU, flags, aud Bcreeus), could be 
lauded at the navy-yard without dniigoi' of aproailidg disease, having 
been first aubjected t« fumigation. To render the vinulen utarm safe, it 
would l>Q necessary to snbjeet them to heat at or above tlie boiling point of 

SUGGESTIONS. 

It may not be inappropriate here ta state that thnre has never been any 
exhaustive method of disinfecting onr men-of-wiir returning to the United 
States with tho yellow fever on boaid. 

We wimld respectfully recouimend the following method, which we think 
will abtoltttels destroy all germs of ynllow fever in a ship ; 

First. After everything perisliable has been taken to tho spar-deck, the 
hatches should be fastened down, the air-ports closed, and a eteaiu-titg on 
each side of tho infected vessel injecting steam into the ship, at a pressure 
of flrom sixty to eighty pounds to the square ineh: this to be kept up for 
twenty-tbnr hours. ■ 

We learn &om experts that by this means a temperature trom 240° to- 
36(F Fah. con be maintained in every port of the ship. 

We believe it is an aduiitted fact that heat at or above the boiling point 
of water is more eS'eutive in destroying the germs of yellow tever than even 
cold, and is particuUirly applicable to ships as being both cheap and 



Second. The ship then should be entirely broken out, inchiding wat«v- 
tanks and chain -lockers, the latter being very often a. focua for disease from 
the mud accumulated iu pestileittial ports; the slilp should then be thor- 
oughly cleansed by s<:rapiiig and washing with J'renh water and disinfecting 

Tliird. After this (if in winter) the hatches and ports are to be opened, 
wind-sails put down, and the ship subjecteil to cold at the freezing point 
of water for two or three weeks. , 

Fourth. The ship should then be fumigated with sulphurous-acid gas,, 
with closed hatches and air-ports. 

If all these agencies can be use<t, tjiere seems no doubt but that every 
germ of yellow fever may be destroyed. 

It was the fortune of the senior member of tliis board to witness the effi- 
ciency of steam alone in putting an abrupt termination U) yellow fever on 
board the United States ship Don, at Santa Cma, West Indies, in Novem- 
l>er, 1867. That vessel was affected with a very malignant type of yellow 
fever contracted at St. Thomas. Hhe had twelve or fifteen cases amonj; a 
crew of about eighty men. The ship had orders from Admiral Palmer not 
to go North, but use every possible means at Santa Ctiix to eradicate tho 
disease. 

The sick were sent on shore, everything perishable was taken to the spar- 
deok f^ni below, tho air-ports and hatches securely fastened, and a heavy 
pressure of steam from the ship's boilers turneil into the vessel, and everj- 
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tbe sources of aieease uow existing in lier stractKre. Au indiBpoiiHalile pre- 
liminary to her ^[uiitation would bu tlio cutting away tlio <Iecayeil and 
spongy woo«l, and the unwhcileBOiue fungi with which it in Hlled. Unleea 
this be ilaue in advance the Hubeequeut proueaiies uonld not be expected to 
snoceed. But tbe removal of all tbia decayed mags woulil involve notbing 
]e«a than a Ihorotigb repaii' uf tbe ship, for the kneeti, tbe frames, tlie inner 
planking, the Hooring ami aheathiug of bei varinag dimensions, the filling 
timbers, aad even the main keelson, are extensiTely decomposeil. 

Should tbe depart meiit, however, desire that an attempt be made to render 
her leas obnoxious to health, the following plan of disinfeetiou is reapect- 
ftiUy suggostBd as the one moat likely to diminish (he danger of future re- 
cnrrence of disease : 

1st A Aimskce of siiupte (wiiHtniction for the generation of the ){n« by the 
comliiiation uf tbe snlpbnr, with free aciiess of air. 

2d. A pipe of auitnble size to convey the gas to a blower, operated by a 
small engint", by wbicb the neceasnry velocity is given t« it to conduct it 
thruiigli a BUperheatiug appaf'atus, which may be made by coiling the pipe 
on itself, in a couical form similar to tbat of the Herreshotf boiler, and 
applying heat through the center of the cone. 

3d, The pipe continues ou to the interior of the ship, wbera it divides in- 
to two branches, one going forward, and the other aft, dipping into tbe 
bilges, under store-room floors, Inside tbe ceiling, and nnder the boilers, 
Si,c., by means of snbdl visions. 

A diacusaiou of the comparative valnes of dift'erent disinfectants, and of 
tbe consideriLtions wIiipIi have led the hoard t^ the conelusioDs here stated, 
will lie preaeuteil at length in the final report directed by the inntrnctions, 
to wbioh thia is prelimiuary, Everything which has come to tbe knowl- 
edge of tbe board in regaril to tbe reception and propagation of tbe yellow 
fever on the Plymouth is also reserved, to be more appropriately Btated in 
tbe same final report, tbe object of tbe present one being only to make the 
bureau acquaint-ed as promptly as possible with the cunditlon of the Ply- 
mouth at tlie pMsent time. 

Very respectfully, your obedient servaTits, 

RICIIAKD C. DEAN, 
Mfdii-ul Jii'perioi; U. S. N., and President of Suuitary Board. 
THEODORE D. WILSON, 
Ntiral Comtruclor, U. 8. N., Membtr of Sanitary Jioard. 
J. U. KIDDER, 
.Surgeon, U. S. X, Mtmlifr of Sanitary Board. 

Commas pant's, Opficb, 
Unitki> States Navy- Yard, Portsmouth, N. H. 
( It), 166(1, 

J. C. BEAUMONT, 
Coiiinwilore. CommaniUinl. 
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Page 33, for Surge<m "T. X. Woolvcrton" read ♦•T. Woolvorton.*' 
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Page 44, line 11 from top, for ** Burden-Sanderson" read ** Burdon-San- 
dereon." 

Page 46, lint) 9 from top, for "ferment*" read *' ferment." 
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